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ORGANOSIL ICON CHEMISTRY

Period covered October 1 , 1976 to Septenter 30, 1979

Final Scientific Report

Personnel Employed at Various Times on This Grant

The following people were employed as post-doctoral Research Associates :

Drs. Tal Shan Fang , Hiroshige Okinoshima , and Bruce I. Rosen. The following

people were employed as Research Assistants on this project: Shin-Shin Chen ,

James Chihi , Sair Hagoplan , Bruce I. Rosen , ~owrie N. Soysa, H.S.D. Soysa,

Kent P. Steele, Robert Swaim , Dongjaw Tzeng , and Tai Yin Yang .

(gu i pment Purch sed r~nj Grant Period

The following equipment was purchased for use as parts for high

pressure li quid chromatography system which are functioning quite well.

1) Strip Chart Recorder , Hsher Scientifi c

2) Laboratory Data Control (LDC ) Model 709 Pulse Dampener for
existing Mi lton Roy Mini -pump

3) IX 1107 Refracto—monitor with low i ndex prism , Cole Scientific

4) LDC Cell AsseiTtly (high-index prism) Cole Scientific

5) Variabl e Voli.sne, Universal Injector (7000 psi rated), Altex

6) Fraction collector FC-l00 Gilson

7) A Rheodyne injector for the HPIC was purchased through Aoplied
Sciences labora tories

8) A high pressure pump for a liquid chroratograph : Altex model
110-00 which per mi ts delivery of solvents at 5000 psi was obtained
through Cole Scientific

The following other equi pment was purchased for use on this grant:

9) 450 Watt power supply for use with medium pressure mercury lamp,
Conrad Hanovia

10) Rotavapor 8w-hi , Van Waiters and Rogers

il) Vacuum Pump, Van Waters and Rogers

12) Hewlett ‘ackard flame Ionization gas chromatograph model SlllA 
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Publi cations

1. Synthesis of 4,5-Oihydrobenz [bjfurans , 4,5-Oihydrobenzo[bjthiophenes ,
and 4,5-Dihydroindols - Vacuum Pyrolysi s - Electrocyc lic Reactions ,
8.1. Rosen and W ill ia m P. Weber, Tetrahedron Letters , 151 (1977).

2. A New Route to Dimethy lsilanone [(Ci43)2Si~O); Deoxygenation ofDimeth ylsulfox i de by Oimeth y l s il y lene , H.S.D. Soysa , H. Okinoshima ,
and William P. Weber, J. Oragr’~met al . Chent ., 133 , C-l7 (1977).

3. Cyc li zation via Pyrol ysis , William P. Weber and Brice Irwin Rosen ,
Chemical Technology , 690 (1977).

4. Facil e Reduction of Sulfoxides by Disilth ianes , H .S .D. Soysa and
W i lli a m P. Weber , Tet rahedro n Letters , 235 (1978 ) .

5. Photol ysi~. of Ary l Substituted lrt sila nes In the Presence of DMSO ,
Hiroshi ge Okinosh im a and Wil li am P. Weber , J. Organometal . Chem .,
i~2.. 279 (1 978).

6. Insertion of Methy lp h~r.’ 1si1 y1ene in Cycl ic Siloxanes - Effect of
Ring Size on Siloxan c Reactiv ity , H. Ok i nosh una and W .P. Weber ,
J. Organocietal . Chv~ ., 150 , C25 ~~97~).

7. Photol ys~~ of Heptar~ thy 1— ~ -~h ’n~’ltri si1a ne and Oc tarneth y l-2,3-
dipheny ltetra sihin ’ i n  the Presence of OMSO, hi roc hi ge Ok i noshima
and W il l i jm P. Weber . J. Organome tal . them ., ~55, 165 (1978).

8. Reducti on of Sulfox id~~ by fli chloroc arbene under Phase Transfer
Cata lysis Cond iti&~is . H.S.D. Soysa and Wi l lia m P. Weber , Tetrahe dron
Letters , 1969 (1’) 7 &) .

9. Pyro l ysis of Itexameth y 1 cy c l o t r~ sil th ia ne and Tet ra’~ t P y 1 v c1od isi 1thiane
in the Presence of Cyc l i Siloxanes . Evidence for the Intermediacy of
Dimethy s ilath i o n e [(CH 3).SIaSJ , H.S.D. Soysa and W i ll i am P. Weber,
J. Organor~ctal . Che” ., 16s , Cl ( 1 979).

10. Pyrol ysis of l ,l ,?,2-Tetralnethy l_ l ,2_D lsila _ 3 ,6_ D It hlacyclohexane -

Ev idence for Dimethy lsi lathi on c [(CH ,hSi~S) Intermediate , H.S.0.Soysa , LU . Jung , and W.P. Weher , J. Organometal . Chem ., 171 , 177
(1979).

11 . Reinves tigation of the PPiotol ysis of Ary l-Substituted Disilanes in
The Presence of Dir,ethylsulfoxide , H.S. Dilanjan Soysa and William
P. Weber , J. Organometal . Chem ., 173 , 269 (1979).

P
12. Photo-OxIdation of l ,l ,l-Trimethyl-2 ,2,2-Tripheny ldisi lan e by DM30 ,

Robert E. Swaim and William P. Weber, J. Am. Chem. Soc., 101 , 5703
(1979).

13. Insertion of Dimethy ls i ly lene into 0-H and N-H Single Bonds, Tai-Y in
Yang Gu and William P. Weber, J. Oragnometa). Chem ., in press.

14 . Mechanism of the Reactions of Dimethylsily lene with Oxetanes ,
Tat-Yin Yang Cu and W i lliam P. Weber, J. Am. Chem. Soc., submi tted.

15. Mass Spectrometry of Ary l-substituted Di- and Tri-Siloxanes,
Robert (. Swaim and W illiam P. Weber , J. Organic Mass Spectrometry ,
Submitted .
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Semina rs were presented on work supported by the AROSR at th~ following

inst itutions:

California State Univers i ty at Fullerton , February 24, 1977

Pennsy lvan ia State Univers i ty, November 10, 197 1

Califo rnia Sta te Un i vers i ty at Uorthridqe , Uovt’nter 4, 1977

Grace Chem ical Company , Research Cen ter , Columb ia , Maryland ,
May 31 , 19 18

Un ivers i ty of Puerto Rico -Rio Piedras , April 2, 1979

Florida State Un i versity at Talla ha ssee , Florida , Apr il 5, 1979 J ~ 
‘ -

Un i vers i ty of V irginia , Cha rlottesv ille , Vi rg i n i a , Ap r i l  9, l979 :~. .~~~~
University of Mar) land , Co ’~lege Par , Ma ry land , Apri l 10, 19 79 :

Temple Un i vers i ty , Philadel phia , Pennsy l v a n i a , Apr il 12 , 1979 ~
‘ ‘ :~ ••~~~~~~~

Univers i ty of Delaware , Uewa rk , Delaware , Aori l 13 , 1979 ~~.

/

Inv i ted lecture r Kippi r .c~ Award Symposium
National Meeting of the ATerican Chemical Society , Anaheim , California
Ma rch 17 , 1978

Fifth Internationa l Sy ;p~ ,iufn on Orq anosil icon Chemistry , l (arlsruhe ,
West Germany , Augus t 16-18 , 1978

Reduction 0f Sulfoxide by Dichlorocarbene under Phase Transfer
Cata1ysi~ Condition s at Pacifi c Conference on Chemistry and
Spectroscopy , September 28, 1978

Organized and Chaire d Symposium on “Phase Trans fer Catal ys i sTM at
Pacific Conference on Chemistry and Spec troscopy at the American
Chemical Society Western Regional P”ee ti ng , San Franc isco ,
Cal i forn i a , September 28, 1978.

XIII Organosil icon Symposium , Ann Arbor, Michi gan , March 30-31 , 1979

Photo-ox idation of 1 ,l ,l-Trimethy l-2 ,2,3-Trf phenyldis ilane by DM50
at the American Chemical Society Nationa l Meeting, Washing ton , D.C.,
Septenter 1979 (presented by R.E. Swaim)
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Research Acconi~l ishments

Most of our work has been published (see publication list). Often

results related to a single goal or objective are the subject of nEre

than one publication. For this reason , I will attempt to sismiarize the

scientific success of the past three years (October 1 , 1976 to September

30, 1979) achieved with the support of the Air Force Office of Scientific

Research AROSR 77-3123. 1 hop S this will bring our wo rk i nto clearer

focus.

Our results c a n  be divided i n  ‘, ix ma in a r’Js .

C. ‘ /~~~~ ~~~~ ~~~~ .‘ A..’... 
~~~~~~~~~~~~~~~ 

— ‘ . —‘

~~~~~~

A. Severa l aspe’~ts of th~ c~ emf stry of po1ysi1ane-po1 ysu1 f1des J~e6 been

studied . We ha~~ determined t ha t  the easi l y esta b l i shed t herma l equ i l i bra-

tion of hey , th ,.)L,clo tr isll t hia n e and tetrametPiylcyc lodisi lthi ane

Invol ves th ( inti rne d ia cy of dimeth ylsilath ion e [(C&
1)2S1=S) a reactive

species post.escin~ a sili con -sulfur double bond.
‘I

- ,c ._ /

I , ~~~ 
+

A

~ ,s~~ / ~ -5, SI 2i .•_ s,- -
S

Dimethylsila thi one generated by pyrol ysis of either Piexamethy lc yclotr lsilthiane

or tetramethylcy cl od is ilth la n e has been trapped by inserti on into Si-O sing le

bonds of hexameth ylcyc lotris iloxane or l ,l ,3,3-tetrarnethyl-2-oxa-l ,3—

disi lacyclopentane to yield new organosilicon hetr’rocycles possessing 51-0

and SI-S sing le bonds. H.S.D. Soysa and W.P. Weber, J. Organometal. Chem.

165 , Cl (1979). 

i±.~i:1~
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Si— OJ
0~? ‘( + [~,S1”S) — -
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/S... 0—s i0

>1.,, ,si~~ [)Si~S) - -  
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....SL

0

We have also found that the pyro lysis of l ,1 ,2,2-te tramethyl-l ,2-dlsil a-

3,6-dithiacyclohex ane to y ield l ,l-dlm eth yl- l- si la -2 ,6-dithi acyc lopent ane

1 ,1 ,2,2,4,4-he ~methy l - l ,2,4-t r Isi la -3 ,5-dithiacyclop entane and eth ylene

in equa l amount~. Involves the intermediacy of dimethylsilath ione as an

intermediate.

\ /
SI S.

/ \ A 
~~ V “ s + + c~~=c~~2 S 5 --- ~ \ 1  1/

The reaction occurs via a three step mechanism. The first step involves

a [-2s ,n2s ,r2s) cycloreversion reaction of 1 ,1 ,2,2-tetranethyl-l ,2-disi la-

3,6-d ithiacyclohexane to yield ethylene and t~~ dimeth yls ilathione Inter-

mediates. This step is rate determining. The second step Is head to tal l

dimerizat ion of the dimethylsilathione intermediates to yield tetramethyl-

cyclod islithi ane . The third step involves a rapid redistributi on reaction

between l ,1 ,2,2-tetramethyl-l ,2-d isi la-3 ,6-dith iacyclohexane and tetra-
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methylc yclod isilthia ne to yield l ,1- dimethyl-l-s ila-2 ,5-dithiacyclopen tane

and l~l,2 ,? ,4 ,4-hexamethy l—1 ,2 ,4 ..trisl1a 3,5..dith1acyclo pentane In equal

amounts. H.S.D. Soysa, 1. 11. Jung, an d W.P . Weber, J . Organometal . Cheni.

171 , 177 (1979).

\ / \ /
Si—Si

I 
“
‘
~~ 

—
~~

-- .- 2 H I + c~~=c~~
[ s J
\/

I \( 1

~ i 
—-.

~~~~~

V

/ \ 
- . 

5’ ~ + I 1/

We have shown tha t sul foddes are easil y reduced by dis ilth ian es .

This Is one of the few appl icat ions of organosul fur derivatives of silicon

to or~janic syn thr .’is . Specific all y either hexariethyld ls i lthi an e or hexa-

meth~l cyc lotr i siltbi a ne reacts ~ith sul foxides in chloroform , or methylene

chloride to give hir~h yieHs of the corresponding sul fides , s i loxanes , and

e1e~’ental sul fur . Advantage s of this method are tha t yields are hi gh , the

cond it 1on~ are neutra l and rfld s, and the reaction rates are rap id. A

number of functional groups--such as f~-keto and CL-c hloro are tolerated

by these disi lthia ne reagents. H.S.D. Soysa and W .P. Weber , Tetrahedron

Let te rs, 235 (1978).
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8. The pho tochem ic al  generation of silicon-oxygen doubl y bonded intermediates

and the study of the insertion of these Intermediates Into Si-O sing le bonds

of silo xanes , h a ve been prinary research goals of this project. Such insertion

reac tion mi ght pro v lde new ways to f u n c t i~’nilize silicone polymers .

We have generated dimethylsi lanone , riethylphe nylsllanone and dipheny l-

silanone in photoc hemical rea ction s . Our fir st success in this project was

the finding tha t dirieth ylci l v l cn e generated by photol ysis of dodecamethyl-

cycloPi exasi )ane would d~o’w’r .ite dimeth yl sul foxide , as well as va r io us

tertiary amine oxide s to y ield di~ ‘~thy1sila non e [(CH 3)2Si~O).

0

IS... •l I 1.-.-.. 1I 
~ 

— --.--~~~~ s=oI 4 ~V 1  -
~~~~~~ 

J - -

Durin g t~e course of this work we unexpectc~1l y found tha t dimeth ylsil ylene

would insert into Si-ti sing le bonds of he~arieth y1cyc lotrisi loxane to yield

1 ,1 .?.~ ,~ ,4,6,6-octaneth yl-3 ,S.7- trioxo-l .2,4,6-tetrasilacycloheptane .

This is th~’ first C A d  le ot insert ion of a sil ylene into an Si-O single

bond o~ ~‘ s~ 1oxan” . H.S.D. Sovsa , H. Ok~nos hi ma , arid W.P. Weber , J.

Orq ant ’r.’tal . ch~’~ . 133 , CU ( 1977 ) .

\/ \ /
S. Si—SI

F 1 o~~I
,S..’.s .I + I I _ . - . .~~. I

S Si”/ “o’ \ 
~~~~~

‘ —.
~~~~~,~~~~

—-‘ 
I

\

Unfort ilately, the scope of this insertion reaction was found to be limit ed

to ang le stra i ned siloxane bonds . Thus dimethy ls i lylene Inserts into

~~~~~

- -.—- - - -. _ _ _ _ _--
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Si-O sing le bonds of hexameth ylcyc lotrlsil oxa ne but not into the less

stra i ned 51-0 sIng le bonds of octameth ylcyclotetras iloxane. Methyl-

pheny lsil y lene was found to be less reactive than dime th y l si l ylene in

insert i ün react i ~ u s  into Si —O si ny l.’ b nis of Si loxanes. Thu’. methy l phc’nyl —

s l l ylene will Insert into the strained S1-O sing le bond of 1 ,1 ,3,3-tetra -

methyl -2-oxo-l ,3-disila cyc lope ntane but not into the less stra ined

Si— O sing le bonds of hexa ret ’~~lcycl otr is i 1ox ane .

I ~~~~~ . I — \ F~~ /
[.Ph~~~ j 

~~~~~~ 

I .-
~~ 

/
S
\

SI

/\
Ph 

-

Ph

5,
F o’”~’~o 

“ 0
1 ” .. . 1  + II ~~~ I ~~

. ~~ C .”
.1 / “‘o “-S.

H. Oklnoshir’a and W.P. Weber . J. 0rga r~~~tal . Chem . 150, C25 (l 97 S ).

Fortunatel y, no such Hn itati on has been found In the insertIon of

silanone int i ’r-’ediates Into 51-0 sing in bond s of siloxanes.

t
( Ci13 )35 I -O- s - (CH 3 ) 3 + [r2siro) (CH 3 ) 3S 1-O-S i - P-S i ( C H 3 ) 3

R.E. Swain and W.P. We ber , J. Pr. Chern . Soc., 101 , 5703 (1979).

Insertion reactions of dimethy lsilanon e , methyl phenylsilanone , and

4 
dipheny ls ilanone into 51-0 sing le bonds of siloxanes have been stud i ed .

S

.

~ 

.-
~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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We have also found tha t photo -ox Idation of ary l substi t uted disil ane s

In the presenc t of d i r ’et h~ l sul fo .idc ~-r oceeds h. two major pa t hways.

One Inso ,t ’~ d i rect  o d l a t i c n of th~ ‘ i -Si sin .~1~ bond of the dis i lane

to y ie ld  a d is i lox an e and d i ’c ’tb y l su l f ide .

Ph
pr~

—Si - — 

The s~~~)nd i nvol . t ’’. r~.:ieO:
1
~i l i c  a tt ,i~ ’ h, the o ’i~ c’r of ~)?“Y) on the

ary l cuhs t ltu ’.c~
1 s i li l center of t ’- r p h ~~e~ c it rd di sil ane ~

4 iich causes

tho ary l group ~ n i ; rat  to the cith (’r si l y l center resuPic~ in form ation

of a~ ary l su b st it: ,t i d r - ~~~~ i1ane , a s ila r -~ne ir ’ rn”liate a r”i di rr~~th y 1—

sul f id e in a sing le step.

f l . - S.(C1t.h

0 
]

...
~~~~ lPh,~’~ 0) • Me ,S • (ClI ,),~ 1’h

III

ThIS reaction has been studied in deta il for both aryl substituted di— . t n -  and

te t ra s$ lan es .  H. Ok i noshina and W.P. Weber, J. Organometal . Cheni. ‘149 ,
7

—

- - - ‘---— — .. ..— --~~~~~ -—---—-. .. —.-- — ——- --- .—-- -- —-~~.,-——-- - -- . .- ---—-- - -~~~~~~~~~~ ---



27~ (1978), H. Okinosh ima and W.P . Weber , J. Orijanometal . Chem. 155 ,

165 (1976). The fact that the quantum y ie ld for these photoc hemic a l

oxidation react1on~ are quite ~~~i~~~~
1i (: .5) is of particular import ance.

Silanone intermediate c~ n t~’ gen c u j t e d  ~i th hi gh effi ciency. )Ki netic

data was found t .  f it  the f~ l l i.in~ r~ech ,~’~i st ic sO~ - e

• hv ‘ . I• • ?. ‘. r , ’ i J  —— . C~~Ifl 4 )tf ’ X - —

- 
_~1 ~~~~~~~

I.’ - .

I ary l s ubs t i t u t i  I d is f l a r ,t.

Thc rate of d isa pp ea rac - i’ o ’ :~-‘~0 ~~ f~~’~1 t obey ¶ h ~ ~i r e ti c expression

below . I light i n te ” s i t . .

~ .1 I ‘I r  
~~~~— -d i ‘.!c ’ .

~~) ) / t I f  ‘~ , . — 
,I + • d ,ati I

~ 1.,. .~, + A 1 I
A I,1 \Ic~SO) I,

A St”rn- ’~o 1 ”’ r p1~~t of 1/ y’ rsw  l/ [r~~~n~ was fo und to he 1j r .~j r ~i th an

inte r i~ ’pt of  ap;’r ~ ~ra t e  t;’ i t v— — as p r - 1icted .

10 
1)

$0

44,

40

10

tO

‘C’

—-
~~~~~~~~~~ 

,~ 40

‘ /I~~.~so)
Stern- ’k.l ru’r denendence on ~C~S0 concentratio n of the quantum yi~ 1d for
reaction I with I~~..,S0. -

___- . - ~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~
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Fur ther in the case of 1 ,1 ,l— trimethy l—2 ,?,2—tr i pheny l dis ilane a

major solvent effect on the ratio of the two photo -oxidation processe~. was

found. Thus in furan s~~ v ent fo n~ + ti on of di ; hvny l sil ~~~ ‘u was the

major process. While in tetrahydrofur an , ttR ’ formation of 1 ,1 ,l-trim ethy l—

3,3,3— tn ;ih ’ny l di ~i lo~ ‘rt~ ~~~~~~ t h e  d o m i n a n t  ;~~ 
t hway . H . S.D. Soyca and

W.P . Weber , J. Organu~’” t.Il . Chem . 113 . 2f19 ( 1 9 1 9 ) ,  P.1. Swaim and W .P.

Wehe r , J. Am . Chee . ~oe . 101 . 57 i .) ( 1979) .

~ a
1 C. Novel n,’~ c t~ons o~ sil y len~s,

Dirne t~ ,l s i1 ~ re ,. r;era ted h, h tol ) is of dod ec4ir ’e thy lcyc lohex a -

sila n c has ~~‘~ t r ~ ti .- ’d t - in sert t ’ 1~~ i c i t u t l y i nto  0— H c inq ie  bonds of

wate ’ ~‘~i a l . r~ l s as wel 1 as nt ~—H anqie h~ r -is of amines te y i e l d

respec t i ~t ’ l~ a l  c’ ‘ ,d i~~e h~ 1 s 1 an ni ani n di~ h’1 ci lanes.

R-O-F4 • [ (C H 3 ) 2S i : J  • R-0 - S i-H

+ [ (C H 3 ),Si : ] (013)

Insertion of d imet h yl s i 1~~1ene jute O-D ha nd ’ , t f  deuterated alcohols provides

an • ‘fficien route to alkoxy dimeth y ls ila n e-S i-d 1

CH3-CH 2-O-fl [(CH3)2S1:) 
• CH3-CI42-O-~ i-D

This react ion should provide tP’~ nx’ .t economical method to prepare

deuterated s i la nes .  T .V .Y . Cu and W.P. Weher , J. Organometal. Chern.,

In prr ’ns (1979). (A pre-print of the manuscript appears as Append ix I).

- . - — --, . S
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Th~ reaction of dinwth y Is i I y lenc~ with oxetanes has been found to

I 
ghc high y iel d of all y loxy dimethy l ci l ane  an d 2 ,?-dirn’~thy l— l -o xa-2-

silacyclopentane . The forn~tt ion of these products results from decompo-

c ,ti on of an in i tial l ,2~zw i t t’ r ’iun~c inte rr7~
.diate i . ’ t ~~~~t’d coordinatio n

ti ~ the e le c t ’  - ; ‘  ii ic dimeth ,’Isi Iy~ t r~ ’ w i th the u. ‘, ;t’n 01 O x C t , t t e .

~~51..

1 + t (CH 3),
Si :] $

~~0

Sir: i ’ ir rr’ .~j~~t S  P ‘‘r he, n t ’ t a ~~n ,d  ~n ~~~~~~~~~~ o’ dimet l ., ’ i l i li’ , i w i t h

~~~~~~~~~~ .‘ ,2 — d i r , ’ t ’  . lo . ta~. , 3 ,3— dim i ’th~ I. ‘ ‘ t ~~!n and ?—vi ylo~etane .

+ ((CH3)~
S i: J —

~~~~ 

[

[-i

”

~~~~~

’ 

J

0 SiZ~

r~~~~

fl~~~ - [ L~~iz]
While di th j1ci ~~,len~ d~es not react w ith strained ali phat ic ethe+-s--

it r.~i ,  w e l l  for  (c .~~p 1Cx( ’c  with then . Clea rl y t he inf luence of solvat ion

on s i l y lene r riI t ivi ty needs to to determined . This paper oy T.Y.Y. Go

and W.P. Weber has ~+‘en suh”i tted to the Jour. of the Amer. Chem. Soc . for

cons i deratio n . A preprint is include d as ;ippendLx II .
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D. ~~r4 hes t*en done to el+ecId~te the mass spectral fragmentation 
/ 

,,

patterns of several classes of aryl substituted di~ ilox an e~~~~ sotopic

labellin g and peak mat chin g ~~re used to substantiate the proposed

fragmentation riec~ jnisns .

SI) icon iuri ions dosi i nate the spectra . Loss of neutra l tra qr t•ri t s

from the ~-l 5 ions is ~r V r t a n t  . For ‘~~a ; 1 c , t’~ ~-l 5 ions of pheny l-

pen ’ar~’t~ -.’ ld is i  ) o ’ a n o  lee’ ’ - ’- ‘ - t . ~ n f ’ , d~. ’ - ’~ , is i l a no n i ’  and phenyl—

meth y l c~ la ”i’ - ne to yield cIi ~~;~ t s~ l~~ un1

- + 4-S~ CH
3)2• (_

~I CH
N . i 3 4/  3 ~___.____-

~~~~

si-o-SI (C~’ ) .

I \CH3 CH3 CH 3 
-

• /

/ [,~_CH 3Si:O) 

S
(CH 3)35i

CH3_Sç)1 (CH
3)2

• m(’ta’ t ab ’1t ’ observed

A manu script reporting the’~ results ha’. been submit ted  to the

Jour, of Organ ic Mass Spec t rcr -’t’try for censiderat !on. A copy of this

manuscr ipt is included as A ppend ix III .

S

. — ‘ — 
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‘E . We—tmve’ ’?tiund that dichlorocarbene general,94 under Phase Transfer

Ca talysis conditions vfficient ly deoxygenates sulfoxi d s to y ield sulf ides .

0
-I [:CC1 2) 

- --- -
~~~~ ~‘ S +

H.S.D. Soysa and W.P. ~t t’t r , Tet r.~h .drcn l r t t e ’i~’, 1969 ( 1 9 7 8 ) .  This work

is related to the v i~~ c1 y dISCU’. ’.t-d (ice y onation of ~ulfox i des by

d i c i l t ’ ia ’~” - -see s e c tj , n A .

I

~ (s.) We have ~~~~~~~~~~~~~ .u~e 
(.~s ~-~ac~ ‘.‘ j -. uu’ y r u 1y~~~~i5  of sev . ’ra l f ive mi’ rhie red

t’~’t ,’ ri , , .l i — 1 ,:‘— t ,~ ’ ~~~~~~~~~ ‘ - .,.I l~-~ t r e~ y~ 1 ic ~~~~ t ion yield s 4,5— d ih ydro—

t~ . i c .~.h . n’, ’ , a n t  ~n t 1e-5

X - 0. 5, N-CH3

8.1. Rosen and W .P. Weber , Tetrahedron Letters 151 (1977). This

reaction provid es an efficient re:~t’-’ to these p~rtiafly reduced hetero-

cycles which are inaccessible by other methods .

Final l y, we have reviewed our work on similar electrocyclic pytolys is

reactions to prepare dih ydroaromatic compounds. W.P. Weber and 8.1. Rosen ,

Chem . Tetrahed ron . 690 (1977).

-_ ‘I: - t~~~~~~~~~~~_ i  _ _  _ _
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APPENDI X I

INSIrtTIOr4 OF D1”~THfl S1LYLUNE INTO u-u nuo u-u Sfl~ [F BONDS

hi-Y i n Yang Cu and Wil l iam P . Webe r

Department of Ch. ’- ’ i’t ry
Un i versity of tIo~:ttIt- rn California

Los Angelc~ , CaiIf orn i~t c0007

Abstr art

Oimet hyl c i l ylene, generated by ç”ri telysfs of dodecarnothylcyclohexasllane ,

inserts efficientl y In to 0-H sing l e bonds of alcoh ol s to yield alkoxyd inethyl-

s i la nes.  tlse of etha nol -O-d 1 yie lds ethoxy dir~ethyls ilane -Si- d 1 .

Olmethylsil ylene a lso inserts into 0-H sing le t~onds of wa ter or 020 to

yield respect ive l y tet r~— ” th y ls i loxa ne or tetramothy lsil~~ ane-Si 2 -d2 .

Dimethylsil ylene a1~ o Inserts into N-li bonds of l and 2~ amines to

yield aminodir’ethylsll ~nc’s. This reaction provides an efficient route

to difunct ional silanes .

I

_ _ _ _  _ _  ___-__—-- - _ _ _ _ _
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Insertion reactions of dimeth ylsilylene Into silico n-hydrogen sing le

bonds ,1 ’2 and Into si licon-oxygen sing le bonds of alkoxysilane s,
3’4 and

5 6stra i ned cyc l ic siloxaner ‘ have been p -eviou sly reported . We should

like to report insert ion reactions of dimeth yls ilylene into both 0-H and

N-H single bonds wh ich provi de effic~ent methods to generate difunct iona l

organosilanes.

Dimet hylsilyl ent ’ ~ n ’ r~tted by ptrntoly si s of dudecu! :~oth ylcyCl3hexa-
- 

sllane4 in a solut ion of et” or and ethanol yields ctt~~xyd imethylsilane

(87%).~ Yields are reported b3sed on the generation of two dimeth yls i ly lenes

for each dodo ca ”e th ylcyc lc~ ox asi1anc which is the limiting reagent. Similar

reaction of dineth ylsil ylene w ith ethanol ..O-d 1 yields ethoxydiriethylsilane -

S1-d 1 (84~). We bel ieve this rrcco~ure , wh ich does not in vo lv e reduction

w ith litlilu— alu --i nu~i dc - ut - r ide,ioay provide th~ r c c t  e f f i c ien t  and econom ical

route to functional deut eniur labelled silanes.

((04
3)2

51:) 4 CH3CH2-O-D —
~~

. (CH
3)2

Si-0-CH2CH3

Similar react ions of d ireth yl c il yl ene w ith methanol and t-butanol yiel d

methoxydime t hyls ilane (891R and t- hut cvyd imn eth ylc ilane (85%)~ respectively.

1ikc~~ise , methylphenylsil ylene generat ! by photolysis of octamethyl-2 ,3-

dip Pien y1tetrasll ane 10 ’~~ In a solu tion of ether and t-butano l yields t-

butoxymethyl phonylsIl ane (77”).

CII CM3”~~j; + (CH ) C-0-H —
~~~

~ •
/ 

~“o-c cH3)3
It should he noted tha t the reaction of difiuoros il ylene with methanol

did not yield the expected adduct, mcthoxydifi uorosilane . although it was

proposed as an intermediate Involved in the formation of dimethoxyd ifl uorosilane ,
12

a minor product of this reaction.
I

_ _ _ _  
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Dlinethylslly lene also Inserts Into the 0-H singl e bonds of water to

yiel d tc~tramethyldisIl oxane (85%). The reaction Is carried out by photolysis

of a solution of clodecamethyl cyclohexasilane In ether saturated with water.

The efficiency of this reaction makes it imperative tha t anhydrous conditions

be ri gorousl y maintained if reaction c.f dimeth yls i ly lene with other substrates

are to be successfu l . If water is replaced by 020 5 tetramethy ldlsiloxane-

S~2 -d 2 ic produced (8?’) . Ana logous reaction of difluorosilylene with

water to y4eld tetra fl uorod isiloxane has been previous ly observed.13

((CH3)25I :] 4 D20 
—

~~~
. (CH 3)2~i~~

0
~1i(CH3)2

L.l k roice , di-~’t h yls i1 ylene Inserts Into H-H sing le bonds of secondary

aminec , ~u:h ac diethylamine and 2 ,2-dinethylazi rid lnc 14 
to yield respect ive ly

N ,N-d1eth ylur ~inodine th y1c i 1ane (8i~ ) l5 and 2 ,?-dlmethyla7lridlnodlmethyl- 
. 

-

si lane (R5~ ). No insertion of the dimet h ylsily lenc . into the strained 
-

carbon-nitrogen sing le bonds .of the 2,2-dimeth ylaz iridine was observed.

‘ [(C H3 )~SI :] ~~~~. ~~~~N-~ i(CIl3 )2

The insert ion of dimeth yls il ylene Into one of the prima ry H-H single bonds of

t-huty lariine yields N-t- butyl aminodlmeth ylsll ane (86%).16
- 0

On the othe r hand , photolys~s (2537 A) of an ether solution of

dodecamethylcyclohexast iane and n-prop anethiol did not yield any n-propyl-

thiodimethylsilane , the expected product of Insertion of dimethy lsilylene

Into the S-H sing le bond of n-propanethlol .

IR spectra were determined as CC14 solutions on a Perk1n-Eln~er 281

spectrometer . PIIR spectra were recorded on a Yarlan X1-100 spectrometer

us ing 5% solu tIons In COd 3 with an Internal standard of chloroform . Mass

spec tra were determined on a duPont 21-492 at an Ionizing voltage of 70 eV.

- 
--- -.-

-- - .~~~~~ ,-. — 
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UV spectra were run on a Beckman Acta H spectrometer. Samples of all

compounds for spec tra analysis were puri fied by preparative vapor phase

chromatography on a Hewlett Packard 1AM 700. Yield s of products were

determined by GIPC with cyclooctane added as an Internal standard .

Yiel ds are based on two mol es of dimethylsi ly lene per mole of dodecamethy l-

cyclohexa silane .

All of the starting ma teria ls and most of the products are known

compounds. They had physical and spectra l properties in complete agreement

with literature values. In those cases where spectral data have not been

prev i ousl y reported , we have included these data.  -

Ether and tetrahydro furan were pur i f ied by disti l lation from a solution

of sod ium l~’nzop henone kety l Iro~cd iate l y prior to use . 
-

Dlet hylariine and t-Uutyl~r’ine were distilled from potassium hydroxide

pel letc 1r~.se~ i~ teiy prior to use.

2,2-Di r~ethylazl r id ine was prepared from ?-amlno-?-methyl-l-propanol

14by the method of Meyers . -

AbSOlute ethanol was uced without further pur i f icat ion. Methanol and

ethanol -O-d~
7 
were refluxe d over calc iu~i oxide and were di~tiule d Immediately

prior to use. t-Butanol was refluxed over calclu :i hydride and was di stilled

Im~’iediatei y prior to use. Deuterium oxide (020)
17 was used wi thout further

purl ficat lon .

Dodecamethylcyc lohexas ilane was prepared by the reaction of dimethyl-

dichinros llane and excess lithium metal in tetrahydrofuran.18’19

Oc tanethyl-? ,3-di~henyi tetras ilane was prepared by the reaction of

trirethyl c hlorosllane and ncthyl phenyldiclilorosllane with lithium metal

In tctrahydro furan .11

Phot~~ysIs of dodecametI~yi çyciohexasi1ane In 2,2-dimethylazir idlne .

The follow i ng is a typical procedure . A~solu tIon of dodecame thylcyclo-

___ -- -- - -._—
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hexas ilane (105 mg , 0 .3 mmol ) in 2 ,2-d lmet hylaziridi ne (1.42 g, 20 mol )

was placed in a quartz nmr tube . The solution was deoxygenated by bubbling

purified nitrogen through It for 10 mm prior to Irradiation with a 450 W

medium pressure Ilanovia h g lamp for 90 mm at 5°C In an ice/water bath.

G1PC analysis of the resulting colorless solution on a 1/4’ x V 20% SE-30

on Chromosorb W 60/80 mesh col umn Indicated R5~ yield of 2 ,2-dimeth ylaz iridino-

dirnethylsi lane . It had the following c i ctral properties : IR Si- H 2060 cm~~. NMR 6

4.27 (sept. ill , J 3 Hz) . 1.65 (s , 211), l .?4 (s , 611), 0 .19 (d , 611, J 3 Hz).

Mass spectrum : Parent rn/c 129 (54%), ca lcd. C6H15US1 129.097; found

129.097; P-i rn/c 128 (78%), P-iS n/c = 114 (100;.:).

Photol ysi s deca—c thyl cycl oh a c i lane In d~ thyl amIne was

carried out as above to yie ld N ,!i-dietJ y 1aninod irie th ylsi lane 1
~ (81%). It

had the f o i low irq spectra l prope rt ies: IR SI- U 2120 crn~~. NMR ~S 4.27

(sept. ,  lU , J 3 Hz),  2.79 (q, I~U , J 7 lIz), 0.97 (t, Gu I J 7 Hz),

0.095 (d, 611, 3 3 Hz). t~a cs spectrui :  Parent rn/c 131 (20 %), P-i rn/c

“ 130 (8%), P-l5 rn/c 116 (100%). 
-

Photolysis of dodecarnc .th yicyc l& exa sil an e In t-hu ty lani n e was

carried out as above to yield H-t-huty iari nodlme th yis ilane 16 
(86%). It

had the follo wing spectra l properties: III 11.- H 3395 cr11 , SI-H 2110 cm~~.

NMR ~ 4.49 Cd sept . ,  lH , J 2.75 and 3 Hz), 1.11 (s , 9H), 0.097 (d , 6H ,

J 3 Hz). Mass spectrum : Parent rn/c = 131 ( 21 %) ,  P-15 rn/c 116 (100%).

M~otoj~~~~~~~~~~~~a-~~~ylc w 1th w ate r .

ik deca methylcycloh e-.asi l an e (70 mg, 0.2 mol) was dissolved in ether

(1.18 g, 16 nTTlol) satura ted with water in a quartz NMR tube . This

solution was photolyzed as above and the resul ti ng colorless sol uti on was

analyzed by GLPC on a 1/4” x 12’ 20% SF-30 on Chromosorb W 60/80 mesh

colu mn. 1 ,1 ,2,2-Tetramethy ldis ll oxan e (85%) was isolated. It was

Identifi ed by comparison of Its IR and NMR spectral properties and GIPC

_ _ _
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retention time with those of an authentic sampl e .2° IR SI-H 2120 cm 1,

Si-0 1055 cm~~. NMR 6 4.66 (sept ., 2U, J 2.8 lIz), 0.17 (d, GIl , 3

2.8 liz). Mass spectrum : Parent- i rn/c = 133 (72 %) , P-iS rn/c = 119 (100%).

Photoi yc 1s of dodcca net hji cyc1ohexas ianr .~~dth j~0 was carried out

as above . l,l ,2,2-Tetraneth yldls ilox ane -Si 2-d2 i-:as obtained in 8?%

yield. it had the followin g spectra l properties: IR Si-fl 1550

Si-0 1055 cm~~. NMR 6 0.17 (s). Mass spectrum : Parent-? rn/c = 134

(52%), P-l5 rn/c 121 (1 00%).

Photolj sls of dodec ~~ et~~v 1 cy c 1 o h e x a s i l a n e  w i t h  ethano l .

A mixture of doc1eca :~~tt y icyc 1ohex as i1an e (70 mg , 0.2 r~iol) and

ethanol (230 mg , 5 n~ o1) was dlssolvvci In ethnr (1. 11 g, 15 im~o i)  in

a quartz ~‘~R tube . This ~o1 ut io n was photol yzed as above. Ana lysis of

the resul ting color less solution by GLPC on a 1/4 * x 12’ 20% S[-30 on

Chromosorb ~4 b~/~ ’) mesh col u r.n showed the formation of ethoxydi n~c~thy1 -

sila ne (R7%).~ It had the following spectral properties: IR Si-H 2110

cm~~, SI-0 and C-0 1080, 1110 cr~
1 . NMR ~ 4 .59 (sept. , 1H , 3 = 2.8 Hz),

3.68 (q, ?H , 3 7 lIz), 1 .19 (t, 3W, ~ = 7~ lIz ) , 0. 19 (d , 6H , J 2.8 Hz).

Mass c p~*~ tru i : Parent rn/c lOt (44%), P-i rn/c 103 (100%), P-iS

rn/c 89 (72%), P-2~) rn/c 75 (81%).

Photo iyc is of do dr’camethy i cycloh~x ac i Ia ne wi th etha nol-0-d 1 was

carried out as above. Ethoxyd iret h yls ilane-SI-d 1 was obtained in 84% yield.

It had the fol lowing cpe ctra l  properties: IR Si-D 1535 c~n
1 , SI-0 and

C-0 1080, 1110 cm~~. NMR 6 3.68 (q. 211, 3 7 liz), 1.19 (t, 3H, J 7 Hz),

0.19 (s, 6H). Mass spectrum : Parent rn/c 105 (3.3%), P-2 rn/c 103

(54%), P-iS rn/c 90 (100%).

Photolysis of dodecarn~thy1cyc1ohexa!.flane with t-butanoi was carried

out as above . t-Butoxydimethylsilane 9 was obtained in 85% yield. It

had the following spectral properties . IR Si-H 2110 cR11 , S1-O and C-0

a



-

~~~

-6-

1020 and 104 5 cm~~. NMR 6 4 .72 (sept . ,  111, 3 • 2.8 Hz), 1.26 (s, 911),

0.16 (d, 611, 3 2.8 liz). Mass spectrum : Parent-i rn/c 131 (0.2%),

P-iS rn/c 117 (58%), P-57 rn/c 75 (100%).

Ph~~oi y~1s of d~ ~1ecar~c t h y cyc 1ohex asfla- n~ w i t h  methanol was carried

out as above except that 1111 w~S used In thc place of ether as solvent.

Ketho xydiriethylsila ne 7 was o~tain~’J in ~~i yield. It had the following

spectral properties: IR Si -li 2120 cr11, SI- 0 and C-U broad l0~)5 cm~~. NMR 6

4.57 (sept., 111, 3 2.8 liz), 3.45 (s , 311), 0.19 (d, LII , 3 7.8 liz).

Photol ysis of oct~r :lhyl —? ,3— d i p h ciy l 1 c t r a c  i l a ? e  w it h t _ t *u t a ro l

A mixture of oca - J . 1 - ? ,3-d ; ’ , i’~’t r a s i 1a ne (~~ .5 mg , 0.11 nmoi)

and t—bu tv’~ 1 (122 w j ,  1. 65 m~l) wus  di ssolv ed In et’ nr (1 .11 g, 15 rrnl )

in a quartz 1~1~ tube . This so1u ti n~, was ~~o1n1 y~~d as above.

GIPC ana l ,sic of the resulting pal ’ y ~~c.- i srlutio n en a 1/4” x 1?’ 20%

SE-30 on Ch’ir~ corb W 60/80 rc ~ h colu-~-~ i nd ic - k t &1 a 77~ y i e l d  of t-

butoxyrethyl~~rny lsI1a ne . !t had the f l1 o~;ing srectr al propc’rtf’-’;.

JR ~~-H ‘~ 3O cr11 , 51-0 and C-0 10~0 and 1040 cr1
1 . Liv (cyciohexane)

A
sh 2470 A Cc 397), 

~~~ 
2530 (490). )j~~X 

2590 (6Cm), A nax 2640 ~~~~
)t
max 2700 (~:l), A sh 2750 (206). ~MR 6 7.62-7.4S (in , 211), 7.39-7.25 (rn,

311), 5.12 (q, 111, J 2.8 Hz), 1 . ’8 (c , 914), 0.40 (ci , 311, 3 = 2.8 liz).

Mass spectrum : Parent n e  194 (16.5 ), calcd . C11 11180S1 194.113 , found

194.115; P.15 n/c 179 (75%); P-57 rn/c 137 (100%).

~c1 ~~r — * - nt S
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Mechanism of the Reactions of Dirneth yl s i l ylene with Oxetanes

*Tai-Yin Yang Gu and Wi ll iam P. Weber

Depart~..’nt of Cheni stry

Universi ty of Southern Ca lif ornia

Los A’.j~ 1es , Cal ifornia 90007

Abstract: Di~’eth y l~,i1 ylrnv r~ nts with oxetane to give high yields of

a11y lo~~~i— eth y ls i1a nc and 2,2- dinethy 1-l-oxa- 2-si 1dc ~ clopentanc . These

products result fr~n ec~~’;~ -~,iti~- r of an in1ti~ 1 l,2-zwi t te r i o n ic  inter-

media te whi ch Ic formed by coord inu tion of th~ electro phi li c dirnethyl-

sily len w ith the ox .,~ en of oxetane. Similar results have been obtained

from the reactions of dinethyl s il yle ne with 2-methyloxetan e , 2,2-d imethy l-

oxetane , and 3,3-dimethyloxetane .
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We should like to report a novel insertion reaction of dimethy lsi ly lene

into the strained carbon-oxygen single bonds of oxetanes. 1 For examp le ,

dlrnethyisil ylene generated by photolysis of dodec.tr~ thy 1 cyclohex asilane 2

in oxetane solvent at 0°C yields ally loxyd ime thy ls i lane 3 (I) (38% ) and

2,2-dimethy 1-1-oxa-2-silacyc1o pL~~a?e 4 (U) (41%). The yields reported

are based on the generation of t~ a diT - .eth y i sli yle nes from each dodecameth yl-

cyciohexasilane.2

((C11
3)2

S1 :] + Li
0 

0-SI (CH)2 + (Cl4 3)2

I II

It should be f lotcd th .~t in cc nt r ..l e . ; a r i . . nts no reaction of dirn ethyl—

sil ylene ..itti unstra~~c~i al i pha ti c ether s such as tetrahy drofuran or

diethyl e t:~’r was observed.
5 The reactien of dir: ethylsi l y lene with

oxetane to yield 11 n~i~.t be quit r cxc . ’~~-~ic (at least  100 kcal/ mo l) on

the basi s of thernochenical h ard addit ivity . Thus1 the reaction involves

breaking a carbon -oxygen s i r~ 1e bond (~ 5. 5 kca i/ mol) ;  fon~iatlon of new

silicon-ca rhon (76 kca i /mol) and s i l icon-oxygen (106 kcal/mol) single

bonds; 6 and re lease of the oxet u’ ;e strain, energy ( 25 kca l/ mol ) . 7 This

calcu lat ion is inco :- ; ; lc te d~c to the lack of knowledge concerning the

probably snall s t ra i n  energy of II, wh ic h may result from constraint cf

a Si-O-C bond in a five mernbered heterocycle. The facile polymeri zation

of II may reflect this strain energy .8

If II Is formed by direct Insertion of dimethyisily lene Into a

carbon-oxygen sing le bond of oxetane In a single step, one might assume

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -—~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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that II would be formed in a vibrat iona ll y excited ground state . This

excess vibrational energy could be lost by collisional deactivation

with solvent or by undergoing a retro-hydros ilat lon reaction to yield

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
. . 

. *~~~~~~~~~~~~~~~~~~~~~

(. Si(CH ) 60
32

o~ .,~~~

~~~.

S1(C113)2

To test this h,potb .’cis , the photol ysis ef dodecamethy l cyclohe xa silan e

in oxetane solvent ~~s carried out at -98~C in a quartz Dewar. Under

these con dit ions , ~ c,.~e~ ted the ratio of 1 :11 which is approximatel y

1:1 at 00 to shift in favor of 11 . However , under these conditi ons ,

the only p roduct for ;T d is I.

This led us to propose t~e folli..nrc alternat ive hypothesis.

Initial electr o ;~hi 1i c att ack by dir.eth ~i~ ilv1 ene on a lone pair of

elec trons of the OX )~~Ifl of the oxc ta’.c yields a zwitterionic intemediate (III)

which can react f urt~ f* r by t~ o pathways. The firs t invo lves intra-

molecul ar broton at-st rac t ion frcn C-3 c-f the oxetane ring by the

negativel y charged si licon with sirnu ltincous frag~cntat io n to yield

I. A unl qie low ene rgy vi brat ional p~ckcring mode of the oxeta ne ring

exists .10 If a simi lar vibrati ona l node exists for the zwltterionic

Intermediate , it rnay permit the facile attaiment of a non-p lana r

pvckered conformat-~on which will bring a hydrogen atom on C-3 and the

negat ivel y charged s i l i ccn  center Into close proximity . This would favor

th is reaction pathway. 
- ] -
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The second pathway involves hetero l ytic fragmentation of a carbon-

oxygen single bond of the zwitterionlc intermediate to yield a carbonium

ion - sil yl anion , a 1,5-zwitter ion (1V)~which comb i nes by cyclizat ior .

to yield II. The fact that at -98°C on ly  I is formed indicates that the

second pathway has a higher energy of activation than the first.

S1(CH3)2

~ ~~~~~~~~~ .O I (CH3 ~ 2
I I I  IV

Additional su;~ ort for this proposal cores fro i the following three

experiments . Reaction of dineth y ls i ly li-~e w i th 3 ,3-di: :iethyloxetane

yields only 2,2,4,4-t etr~ceth y~-l-ox .t-2-si1acy clopen tane ( V ) (90%))h 112

Reaction of dine th y ls i lylene ~i~ h ?,2- in~-th y1cxe tar~ yields

only 2,2,3,3_ t etr ~ th yl .i_ o~a_ 2-s ila cyc lo~untane 
~.1) 

(26%), 3—methyl —

2-buteny lc..y Ji:~et~~~si1ane ~‘1:) (.;~~) ~ and 3-methy l-3-buteny loxydimethy l-

sHon e ~ i ii ( ~~~~~~ The regios~- u c ific forma tion Of Vi is expected since

heterolytic fra;- -~.tatio n of a carbon-oxyçen sin g le bond of the

zwitterion ic inter roedi ate is expected to lead to a tertiary carbonium

ion In preference to a primary one. The formatirn of vii in preference to V III is

favo red by the greater st ahili ty of the rare substituted alkene product and

by the r~~re f a c i l e  abstraction of a proton from a 2° carbon compared to a

J0 one .

Si(CH3)2

~ ~~~~~~~~~~~ S1(c u~)2 > C)Si(CM3 2
CM3 C.F13 

- 
CM3 CH3 CH3 CM3

VI
SI( CH )

- 

- 

013 CH3 
-

— — S - _ _ _ _ _ _ _
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On the other hand , reaction of ditnethy lsily l ene with 2-methyloxetane

yields 2,2,3-trimethyl-l-oxa-2-sllacyc lopentane (IX) (29%). E-2-

butenyloxydimethy lsilane (X~ (26%), Z-2-butenyloxydlmethylsllane ( x i )  ( 22%)

1-methylally loxydimethyls ilane (XII ) (1%), and 3-butenyloxydi .methylsilane

(XIII) (2%).~ These latter two minor products were onl y Identifi ed by

comparison of their GLPC retent on times with authentic samp les .

The reg Iose lect ivc formation of IX is expected since hetero lytic

fragmentation of a carbon-oxygen sing le bond of the zwitterion lc Intermediate

Is expected to lead to a secondary carbonium ion in preference to a

prima ry one. 
The forma t Ion of IX was confirmed by independent

synthesis of the o the r  p~csIb 1e isonier , 2,?,5-trincth yl-l-oxa-2-sila cyclo -

pentane (XIV)9 Y an intr araolecuIar hydr os ilati on reaction of 1 -methyl -

allyl oA ydir .cthyls ila ne catal> :ed by chl orop la tln ic ad o.3

~~~~~ dSI CH3 )2 

- .

ptt~~

I ’  
H

CH3—&.~~)i 
(Cu3)2 

-— -

- -xlv

The predominant formation of X and XI rather than XII may result f rom

preferential fragmentation of the l ,2-zwitterlonic intermediate to form

the more stable alkenes. The relative ease of proton abstration from

a secondary carbon compared to a primary carbon may contro l the relative

amounts of XIII and XI formed. 
— 

.1I 1± -
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i (CH3)2 

~ ~~~~~~~~~~0_s(~CH3)2 

X

CR3 H 
___• _

.1• H

H 
,-~~ ‘ Si(CH3)2 

~~\—o-—S~(CH )  XI

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _

C H H  1 
~~O_Sl(CH 3 )2 

XII

L
~~~~~~~~~~~~

Si CH

3]  ~~~~~~~~~~—S~(CH~~2 
XIII

Based on t h’~t~ r r c , lt we h i  i ive that the rnecP~ n1sm of react ion of

d i s c t h y ls i~,~unr with oxetaneS involv e s initial electrophi lic attack by

dinethy ls~ 111en e on ar ~ -~er i r i t  p a ir of elec trons to y ield a 1,2-

zw1tte r~onic interm ediate which further dec~~; oses to y ield a variety

of pro i~c t s . These results Shou~d enceurage caution in the interpretation

of ci~~riirent ind l vin-; dim eth y l s il y itn carried out In “inert ” ether

sol vents. Trus while d~rcth y lsi1 y lc ne does not react with unstra lned

al iphatic et br’ rc  to y ie ld products , it may well form a complex with

them. Such a zwitterionic co~-p lcx nig ht be capable of delivering dimeth yl-

sil ylene t~ ~arious substrates. The reactivity of dimeth yls ily lene

may well be influenced by such solvation. This question is under active

Invest igation.

4
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Experimental

Ir spectra were determined as CC14 solu tions on a Perkin-Elmer 281

spectrometer. Nmr spectra were recorded on a Varian XL-100 spectrometer

using 5% solu tIons in CDC J 3 with an Internal standard of chloroform.

Mass spectra were determined on a duPont 21-492 at an Ionizing voltage

of 70 eV. Samples of all compounds for spectra anal ysis were purified

by preparative vapor phase chromatography on a Hewlett Packard F&M 700.

Yields of products were determined by GLPC with cyc l ooctane added as

an internal standard. Yields are based on two moles of dime thy l s i l ylene

per mole of dodecarnethylcycloh exas~lane.

Many of the starting materials and products are known compounds.

They had ph ysi cal and s~’cctra l properties In com plete agreemen t With

literature values . In those cases where spectral data have not been

previously reported , we have incl uded these data.

Reaction of dime thyi si lv i *-’ne wIt~~ ox eta~~. A solution of dodecanethyl-

cyclohexas ilane (105 mg, 0.3 mol) in oxetane (1.16 g, 20 nrnol)

was placed in a quartz nmr tube . The solution was photo l yzed wi th a

450 14 medium pressure Hanovi a Hg lamp for 90 mm at 5°C in an ice/water

bath . GLPC analysis of the resulting colorless solution on a 1/4”

x 12’ 20% SE-3O on Chromosorb 14 60/80 mesh column showed the fo rmation of

2,2-dimethyl-l-oxa-2-silacyclopentane4 (41%) and ally l oxydimethylsilane 3

(38%).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ had the following spectra l

properties. t*nr 6 3.82 Ct , 2H, J 6 Hz), 1.85 (tt, 2H, J • 7.5 and 6 Hz),

0.72 Ct , 2H, J 7.5 Hz ) , 0.18 Cs , 611). Ir 51-0 and C-0 broad 1050, and

1085 cm ’. Mass spectnsn: Parent rn/c • 116 (13%) , P-i rn/c • 115 (1.7%),
~~~I .1

I’-
~~ 

rn/c • 101 (100%), P17 rn/c • 79 (16.9%) , P.28 rn/c • 88 (22.4%).

P 
_ _  

_ _ _
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Allyloxydimethylsilane ha~ the following spectra l properties.

Mnr 6 5.93 (ddt, 111, J • 17.1 , 10.2 , and 4.8 lIz), 5.23 (dq, 111, J - 17.1

and 1.7 Hz), 5.09 (dq , 111, J 10.2 and 1.7 Hz), 4.62 (sept, 111, J

2.8 Hz), 4.16 (ddd, 211, J • 4.8, 1.7 and 1.7 Hz), 0.21 (d, 611, J - 2.8 Hz).

Ir Si-H 2110 cm t C-C 1650 cm1, Si-0 and C-0 1030,1080 cm
1. Mass spectrum : Parent

ni/e 116 (4.6%), P-i rn/c 115 (22%), P-iS rn/c 101 (79 .7%), P-17

ni/e 99 (59%), P-3l rn/c 85 (15.6%), rn/c 75 (l00~).

Reaction of dim. thy lsi l y l w i t h  3 ,3~ r 1imeth 1r ctanc.  A solution of

dodecamethylcyc lohexasilane in 3,3-dimethyloxatene 16 was pre;~dred and

photo lyzed as above to yield ~,? ,4-tetr~~~th yl-l-oxa-2-siiacyclopentane

(90%).1l 1 l2 It had the following spectra l properties: ~nr 6 3.49 (s, 211),

1.03 (s, 611), 0.66 (s, 2H),0.2l (s. 611). Ir Si-0 1020 cm1. Mass spectrum

Parent n/c 144 (14%), calcd. C7H16OS1 l4~ .097; fcu~d 144.099; P-l5 m/e

129 (13%), nile 99 (33%), rn/c 89 (100%), rn/c 88 (S4 .).

Reaction_of dine thy1ci 1v ~ ;‘ 
- ~ith 2 - y e ~~re . A mixture of

dodec~-~ethy1cyc 1ohexasilane (90 mg, 0.26 cziiol ) and 2-~ethy1oxetane 
16

(360 r;, 5 mol) in ether (630 mg, 8.5 mol) was placed in a quartz

nmr tube. The solution was photolyzed as above and the resulting colorless

solution was analyzed by CLPC on a 1/4” x 28 ’ 20% SE-30 on Chromosorb

14 60/80 mesh column . E-2-butenyloxydlmethylsilane (26% )  Z-2-butenyloxy-

diinethylsilane (22%) and 2,2,3-trirnc thyl-l-oxa-2-silacyclopentan e (29%)

were Isolated.

~~~j~itcny loxydime thyls i1ane had the following spectral properties.

lènr 65,71 - 5.56 (in, 211), 4.61 (sept, 1H, 3 • 2.8 Hz), 4.09 Cd , 211,

J • 3.9 Hz), 1.68 (d , 311, 3 • 4.7 Hz), 0.20 (d, 611, 3 • 2.8 Hz). Ir

Si-H 2115 cm 1 ; SI-0 and C-0 1080 and 1030 cm1. Mass spectrum:

Parent rn/c • 130 (15.1%), calcd. C6H14051 130.081; found 130.081;

P-i rn/c - 129 (6.2%), P 1 5  rn/c • 115 (74.2%), P-il rn/c • 113 (5.9%),

~~~~~~~~~~~~ _ _ _~~~~~~i_~~~~~~~~~~ __ _ _ _ _ _  
_ _ _
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ia/c • 85 (17,7%), rn/c = 75 (100%).

Z-2-Butenyloxydlneth ylsilari e has the following spectral properties.

Mr 6 5.71 - 5.49 Cm , 211), 4.62 (sept, 111, 3 • 2.8 Hz), 4.22 Cd , 2H,

3 4.7 Hz), 1.70 - 1.60 (m . 311), 0.21 Cd , 611, 3 2.8 Hz). Ir Si-H

2120 cm1Si~0 and C-O broad 1055 cm
1. Mass spectrum : rn/c • 130 (20%),

calcd. C6H140S1 130.081 ; found 130.081. P-l rn/c 129 (15%), P=l5

rn/c • 115 (60%), rn/c = 85 (16%), ni le = 75 (100%).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ has the following spectral

properties. Nmr 6 3.84 - 3.44 (rn 211), 1.84-1.59 and 1 .52-1.24 (m and m , 111 and

111, C-C112—C), 0.94 (d , 311, J ~.6Hz), 0.85-0.65 (m ill), 0.066 and 0.05 (s and s

311 and 311, Si (CH
3
)
2). Ir 51-0 and C-0 broad 1035 and 1015 cm1 Mass

spectrum : Parent r ’e 130 (20%), calcd. C6H J4 OS 1 130.081 ; found 130.081.

P-iS rn/c 115 (l00%~, n/c 89 (27 .6%), rn/c = 88 (40%); rn/c 87 (12.1%),

and rn/c - 75 (35.2%).

i-MetP 1j~ lo~ydi r-- .~~~v1si lane was prepared by reaction o~ 3-buten-2-ol

with chlorodirethy lsi1a r~e in the presence of U ,U - d i m e t h y lani llne . It

had the following spectra l properties. Nmr 6 5.83 (ddd, 111, J — 17.1 ,

10.3, and 5.6 lIz), 5.14 (dt, 111, 3 17.1 and 1.5 Hz), 5.00 Cdt . 111,

3 — 10.3 and 1.5 Hz), 4.63 (sept, 111, 3 2.9 lIz), 4.26 (dq , 1H, 3 =

5.6 and 6.3 Hz), 1.23 (d, 3)1, J 6.3 Hz), 0.19 (d, 311, J 2.9 Hz).

018 (d , 311, 3 - 2.9 Hz). Ir Si-H 2110 cm 1 ; C!C 1640 cm1, Si-0 and

C-0 broad 1070 and 1020 cm~~. l -Methylallyloxydimethy lsilane undergoes

an intramolecular hydrosilation reaction catalyzed by chloroplatinlc acid

to yiel d 2,2,5-trirnetliyl-i-oxa-2-s ilacyclopentane . The procedure used

was modeled after that of Mironov .2 A mix ture of 150 mg of 1 -methyl -

allyioxydime thyisl la ne and 6 ~ of 0.1 M solution of H2PtC16’6H20 In

lsopropyl alcohol was heated to boiling and then over a period of 2 h

the main portion (3 g) of the l -riethylallyloxydimethy lsilane was added.

After cool i ng to room temperature, the reaction mixture was checked

±11 IIT ±
~~~~~~~~~~~~~~~~~~~~~~~~~~
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by ir to observe complete disappea rance of Si-H absorption. 2,2,5-

Trmrnethyl-l—oxa-2-silacyclc ’pentane was then collected f rom a simple bulb to

bulb distillation . It had the following spectral properties . Nmr 6

4.02 - 3.90 Cm , 111)-, 2.03 - 1.91 and 1.44 - 1.31 (m and m , llj and 111,

CCH~C), 1.19 Cd , 311, J = 6 Hz), 0.89 - 0.63 (m. 2H), 0.16 Cs , 611).

Ir Si-0 and C-0 1045 and 1010 cm1. Mass spectrum : Parent rn/c —

130 (0.5%), P-l rn/c * 129 (1.7%), calcd. C6H130S1 129.074; found 129.074;

P-15 rn/c = 115 (100%), P-28 rn/c 120 (30.5%), P-29 rn/c = 101 (7.4%),

rn/c = 87 (30.9’.), rn/c = 75 (17.5%).

E-2-butenyloxydir;r th y~si1ane was prepared Independently by photolysis

of dodecarnethylcyc loh exasi lane with the comercial E-2-but en-1-ol in

ether. This reaction involves insertion of dinethyls i lylene into the

0-H single bond. 19 3-Bu teny lox ydi~ ethy lsil ane was prepared from 3-buten-

1—ol . By ccr ;~ar1son of GC retention time s, l-~ :’thy lally loxyd irnethy1si1ane

(1%) and 3-b~~eny 1oxyd 1methyls i1ane (2%) were found in the photolysis

of dodecame thylcyc lohexasilar ie in 2-rcthyloxetane.

~~~- D m~t h y 1oxct ~ Wd S prepa red from 4—bromo-2-methyl-2-butanol 17

and tr 1b uty lnc~tho .yt ln 18 fo l lowing literature methods 17 ,18 and was

purified by prepa rative GLPC . Pbiir 6 4.00 (t, 2H , 3 8 Hz), 2.05 Ct ,

2H, 3 • 8 Hz), 1.00 Cs , 611).

Reaction of dire thylsily l e e w i  th~~,2-d1 methy1oxetane . A solu tion

of dodecamethy l cyclohexasilane in 2,2-dimethyloxatane was prepared and

was photolyzed as above. Anal ysis of the resulting colorl ess solution

by GLPC on a 1/4” x 28’ 20% SE-30 on Chromosorb 14 60/80 mesh column

showed the formation of 3-methyl-3-butenyloxydimethylsilane (i3%),~
3—rnethyl -2-buteny loxydimethylsilane (44%), and 2,2,3 3-tetranethyl- l -

oxa-2-sllacyclopentane (26%). They had the following spectral properties.

3-Mcthy1-3-butcnyloxydimet!~ylsilane :
3 P~nr 6 4.76 (br.s, 111), 4.71

(br.s, 111), 4.60 (sept, 1H , 3 • 2.9 Hz), 3.72 Ct , 211, 3 • 7.0 Hz),

~~~~~~~~~~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~--~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  _ _
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2.25 Ct , 2H , 3 — 7,0 Hz), 1.73 (s, 311), 0.19 (d , 611, 3 • 2.9 Hz). Jr

SI-H 2110 cm1, C C  1650 cm1, S1-0 and C-O broad 1085 and 1060 cm 1 .

Mass spectrum : Parent rn/c = 144 (2.5%), cal cd . C7H16051 144.097, found

144.098; P—i rn/c • 143 (1.7%), P-iS rn/c — 129 (40.6%), rn/c ~ 101 (11.1 %),

rn/c = 99 (7.6%), rn/c 89 (100%), m/e = 87 (10.5%), rn/c = 75 (24.7%).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Miir 6 5.33 Ct , 111, 3 = 6.6 Hz),

4.61 (sept, lH , J • 2.8 Hz), 4.14 Cd , 211, 3 6.6 Hz), 1 .72 (s,311), 1.65 (s,3H),

0.20 (d , 611, 3 2.8 Hz). Ir Si-H 2110 cm~~, C=C 1670 cm
’1 , Si=0 and

C-0 broad 1050 and 1025 cm1. Mass spectrum : Parent rn/c = 144 (5.8%),

calc d. C7H1605i 144.097; found 144.099; P— i rn/c 143 (0.9%), P15

rn/c 129 (46.2%), rn/c 101 (9.4%), rn/c 89 (7.9%), rn/c 75 (100%).

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ?~mr 6 3.86 (t, 211, J =

6.2 Hz), 1.61 Ct , 211, J 6.2 Hz), 1.02 (s, 6)1), 0.11 (s, 611). Jr

51-0 and C-O,l030 and 1020 cn
1. Mass spectrum: Paren t rn/c = 144 (23.7%),

calc d. C7H160SI 144 .097; found 144.098. P-15 nile 129 (51.7%), nile

101 (9.4%), rn/c 99 (4%), rn/c 89 (24%). rn/c 88 (20%), rn/c = 75 (100%).
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APPL UDIx  III

MASS SPECT~~Y~ TRY OF ARYL SUBSTITUTED DI- AUD TRISILOXANES

Robert E. Swaim and William P. Weber *
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Abstract:

The mass s~ectr~ of ary l penta’- -~thy l disi1o xa nes , ~~~-diary ltetramethy 1—

disfloxan e s, an d l ,5-diary i-l ,1 ,3,3,5.5-hexamethyltrisilox anes are discussed.
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Dislloxanes are the simplest organósilicon compounds which process

the silicon-oxygen-silicon functionality . Since silicon -oxygen -silicon

bonds form the backbone of silicone po1)~r’~rs , disiloxan es serve as useful

volatile models for these 1 ’portant poi .~’crs . While considerable work

has been done on the mass s~ ~ t ra 1 fragmentation patterns of trtrnethylsil y i

ether deriva ti’~.’~ of alcohols )
5 very little work has been done on the

mass spectra of dlsll oxanes .6’7 This is unfortunate because it is well

known that the ;r~;~ert i  t~~ of t ’~~~ Si -0- Si fun~ c - r i group8
~~

0 are quite

dIffcrt~nt f r im th~i~e of the Si-0-C functional group.

In this paper we w i l l discuss the rass spectra of severa l types of

aryl substituted disllo x an es andtr lsil oxa net .

The r ss spectr’~r’ of ~ ;- crrvl r:t~~~’thy )disile ’ .rne (1) is dcr ’inated by

sili con lu m Ions. The parent Ion is qu lt weak , prob ably because frag-

mentation of a methyl grou p froni the quarternary sil yl center to form the

K-IS ion Is such a favorable process .1
~~

13 The stability of the H-iS

slilcon iurn ion is reflected by the fact that itca rries over 60% of the

total Ion current . t~t least three other in~portant silicon ium Ions are

fonned by fr ag~entat ion and rca rran gc ~ ent of the M-15 Ion .

A ma jor process Involves loss of’ methane fro~ the M-l5 ion . The

observatIon of a mctastabl e peak at rn/c 177-179 [caic. rn/c (193)2/209

• 178.2) as wel l as the exact mass of the rn/c - 193 Ion determined by

peak matching [caic. for C9H130S12 193.050; found 193.048] support this

process. A possible mec hanism for formation of the in/e — 193 ion

Invol ves init ial Intramolecular el ectrophilic attack by the remote siliconium
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ion center of the P1-15 ion at an ortho posi tion on the pheny l ring to

yield a benzenonlurn Ion which re-arornatizes by loss of a hydrogen from

the benzerioniu~ nucleus and a mt~thy1 grou p from a sliy i center as

metha ne. Examination of the mass spectrum of pheny l-d~-pentametbyld i—

sllo xane (II) indicates that this process may be more complicated .

It certa t ni , involves loss of a methyl group fro’~ silicon and most

frequen tly loss of’ one deuter iui from the phenyl-d 5 nucleus ; however ,

som e i~ oto~ ic scra m hlln q process occurs which lead ’ to loss of methane

rather than methane-d 1

The t~’~ oth’-r ma jor sil i coniL --1 ions are the ~henyldlmcth ylsi1i con ium

Ion at rn/c — 135 and th~ tri~ et’ y1si l lcc ri u ~i ien at m~ 73. The si m pl es t

explanatio n for their f c r~ t ic -~ ~.-iul d be fr -~ent3 t ion of a Si—O bond

of the parent Ion. While we can not rule t~-e~e process out , they are not

sup~orte d ~y t~ e o~~ rv3 tio n of ~rr rø pr frte r-etas tab le peaks. On the

other ~and , reta r,t~.b le peaks a re  observ~d for for~ation of these si1Ico n iu~i

Ions by f r a ~~~~~nt at i on o~ th ’~ H-iS ion . Thus the forr~ation of the pheny ldim eth yl-

sili con iu-~ io~i frc ’~ the M-15 Ion ~v loss of di~- eth v1si1aiio ne [(CH
3)2S1~0]

Is supported by the observation of a metast~ h ie peak at rn/C 86.5 - 88

[caic . rn/e = (l~ 3)
2/20~ 87.’], ~~il e the formation of the trimeth ylsi li-

conlum 1c~ at n/c — 73 frcr’ the P-~- l5 ion by loss of pheny1r’ t’~yls1 lanone

[~CH Si-c )] is supported by the observation of a nctastabl e peak at m/e —

25 — 26 (calc. rn/C — (73)2/209 25 . 7 ] .  These procesccs are outlined

in Scheme I.

Sllanones are reactive intermediates possessing silicon -oxygen

double bonds. They have been produced in pyrolysis reactions by Interaction

of Intermediates possessing silicon -carbo n doubl e bonds with non -eno lizable



ketones .14 16 More recently, silar.one intermediates have been genreated by

photochomical deoxygenation reactions of sily lenes with DMSO. 17

P O Si(CH )

((cH3)2s1-cH2) + .
~~~~ [~~~

__J 3 2
) 4’2C=CH2 

+ [(CH3)2s1=0]

((CH3)2S1) + CH3-~-CH3 
-—----

~~~~~~ [(CH3)2Si~0) + CH 3-S-CH 3

While there are r~~n. - ~in~ logi es b~~t~~y t f l  t ’  ~
- hi gh cm r~j  processes of

- . 18p~~~ 1ys~ s- ;  h c t ~ 1~. s and r--v.s s~~c t r~ ’~ ( t r y ,  W C bel ~evc that these

obscrvati~n~ are the fjvt e..~ - ;~ us of t1
~ loss of si1anon n~s [R 2

Si~O) from

si~ Ico ninm irr i in ths ’ gas ;hase in a mass s~ cLtr c :-~ ter .

Fir~ l 1 y, it sh~ i1d ~ note -~ t h a t  a ~nr~es of duuh~y charged silic o ni ur ~

ions are o~ ru~ - : t ’  in t h~~ r~ ss sp c c t r ~i of I. It has prev iousl y been observed

tha t doc;~~, ch .~r~ .:J si1 ~ r cnic ~ 
- ions On i~~- :rtjrt in t i e  mass s~ c ctrum Qf

he~a~ :’th ,l d:~ ilc yone~
)9 The’ d~u~ l y cLc r ,e~ ~cn of highes t mass is found at

rn/c iO- ~.5 wh~ c n  cerr~ ’~~~nd~. t.~ tJ-e do~~- 1 , charged M-15 ion. Loss of a

methyl rad~~a1 f re~
-
~ ~~hi’ q~ ar te rnary  si ly l e nter of t h~s ion leads to a

b i s- s i 1 ico n i-~.~ Ion a t ~~
‘t’ 97. The ob~’ rvat ion ~~~f an isot r~ e peai- of th~

ap~ rc’~ ri at .’ r r t l ~~~~i t .  at r,’e 97.’- Supp~rt s this assi;’rient of the rn/e

97. The s t ahilit ~ of th is b~~-- ’.i1i conii . -~ ion is rcflccted by the fact

that it carries a~ - - - s t  \O~. of the total ion current. The b is-s ilic onium

ion of n/c 97 ur:d.~r .;ces further loss of methan e . This process Is supported

by the observation of a met astable peak at m/e 81.5-82.5 [caic. m/e

(89)2/97 - 81 .7). A possib le mechanism for formation of the rn/c 89 ion Involves

init ial intr a- -Dl ecu lar eletrop h ili c attack by the remote silicon ium ion center

at an orth~ position of the phenyl ring to yield a benzenonium ion which re-aromatizes
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by loss of hydrogen f rom the benzenonlun~ nucleus and a methyl group from

a sily l center as meth ane . The mass spectrum of II supports this process

since methanc-d 1 is exclusively lost . These processes are outlin ed in

Scheme I I .

Similar fragmentation pa tt crn~ suppor ted by appropr iate metastable

peaks were observed for II and for ~-tolyl~~ntu~’eth y1disil oxan e (III)

(see Table I for sup ;- -.’ r t ing data).

The second ~r u ;  of’ aryl cc~h~tituted disiloxanes whose mass spectra

we have ei~— ir ,ed Is composed of: s~~-tetr a eth yld ip hcnyldi siioxane (IV),

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,4 ,6’ )— d6— dlsil ox ane (v), ~~~—tc t ra —

methy ldip ’ n~,i - d 10 — d isIi o~ v (V I ) ,  and s -tetrar~reth yld I-~ —t ol yl dis1l oxane

(VII) , 1 ,1 ,1 ,3— t ct r a~— e t h y i — 3 ,3— di phenyl~ i~,tloxa ne (VIII ) and 1 ,1 ,1—

trireth 31—3 ,3,3— tri~ ~~~~~~~~~~~~ ( I x ) .

The m ass spectra of s~~’-te trameth yld i ;~-eny ld i s i l ox ane (IV) is

dominated ~j  s1l iconiu~’ io r .s . The parent Ion I-s quite weak , probably due

to the fact that fra :~~rt ’tion of a reth yl group f r om a quarternary

sllyl cente r to fcrr~ the ~-l5 si li con 1 u-~ ion is such a favored process.

The s tab i l i ty  of the M-l5 Ion Is re flected by the fact that It carries 30%

of the total Ion curr ent. c~ the other hand , loss of a phenyl grou p from

the parent ion to form the 11-77 ion at rn/c ‘ 209 is a much less favorable

process. The 11-15 undergoes further fragmentation and rearrangement to

yIeld at least four other sili con lum ions which are Important In the

mass spectrum of IV.

A major process Involves loss of benzene from the P4-15 Ion . The

observation of a metastab le peak at rn/c • 136 — 139 (calc. rn/c —

(19 3)2,1271 137.5] as wel l as the exact rn’ss of the rn/c — 193 ion

____________________ 
________________________1
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determined by peak mdtch lng [caic. for C
9H130S12 193.050, found 193.052)

support this process. The importance of this process is reflected in the

fact that the rn/c - 193 ion carries 15 .. of the total Ion current.

A pos sible mecha nis m for for : -a t lon of the ri/c — 193 ion Involves InItial

1ntr ~” ole cular nl ectr u;~h i l1c attack by t~e rer’~ote slilc onium ion center

of the 11-15 j un at an p rtho ; :- si tion of the distant phcnyl ring to

yield a ben r~~niL’1 Ion n’ i~~~i r e .- a r :~~j t i : - s  by loss of a hydroge n from the

be, eroniu -~ r~~ 1 e~ ‘n a ph .- ’~ l ~rou;~ f rc~ a s i  lyl center as bcnzene.

This ben:eny i~ ’ i ’  can ~‘t~ so r~’ -~’t r~~nt i : e  t~v 1o~.s of hydrogen frc~ the

leus anj a ret h~ 1 rc- • ‘ fr~~ a sll yi cen ter as methane

to yield tht rlt ~55 SIilC ~ T .iu i ~~~ Th is ~t -o ce ss is  suppor ted by

the oh’.ervjtIon 0’ a ~ct.~ tat~ e ~eak at filL — 239 — 242 [caic. rn/c —

(255)2/271 ~~~~~~~~~~~ ~~
-,er , t ’ e loc c f  r~~~ a’ L~ n~’t fd,~ red since

the n/c • 755 io~ c a r r 1 i - ~ c r l y a rpre i i~ at c1y 1’~. of tl~’ Io n current.

Exa m inat ion of th~~ ~acs SIn: ’ a  of V and VI su N - r t these processes.

Thu:. ben:~ re - ~~ is l os t  j r  t’ -e c a s e  if VI . Uowcver , the hydrogen which

Is l o~ t f ro— th e • : e ~-~ni ~~ io:~ ru’~.1eu ~~~a r e ? t l y may not come specifically

from t n o rt~ o site of’ electr o: b i l i c att ck . Thus V looses both

benzcne-d4 ar’ s t~~r :cn c-d 3 In thi s process. Isotopic scrambling of

hydroge s and de~ ten iu — s in •~ enon iu—~ Ions founed by Intramolecular

electrop hill c a t i . ’ ~y slllcsnlui ions centers on ary l groups has been

pr evi oicl y

The 11-15 Ion also fra~~’’nts by loss of dimethylsilanone ((CH3)2
SirO]

to yield t he dl pheny lmet hylsiliconk-i ion at rn/c — 197. This process Is

supported by th~ observation of a mc ’tastable peak at rn/c • 143.2 — 143.4

(calc . rn/c — (197)2/271 • 143.3). F Inally, the 11-15 ion fragments by loss

_ 
_ _  

—- -~
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of pheny lmeth y l s i1 a r~ne [~ClI3c i O) to y ield the phenyldimcthylsillconium

Ion at rn/c — 135. A metast able peak for the analogous process was

observed In the mass spectrum of V. However , no metastables were seen

In the spectra of IV , VI , or VII. An alternative process for formation

of the pheny ld~’ e t h y ls i l i con i u~ ion is s i r ple fragmentation of an 51-0

bond of the parent ion . This possibility is not supported by appropria te

metasta ble peaks in the spectra of any of the ~,~~-dIary ltetrame thyldi si1oxanes

stu died. The stability of the ph enyldi reth ylsi lic oni um ion is reflected

by the fact tha t it carries alnost 10~ of the total ion current . These

processes are o~tl in cd in Schc ae III.

The 11—15 ion is i r r : o r t a n t  iO the r a s s  spectra of both V III and

IX. In both s~ -~~ra th is  ion c a r r i e s  a~~out 25~ of the total Ion current.

In both the loss of ~~n:enc f r :  the ~t-l S Is d very important process.

Thus In the r j 5 5  ~ ‘- . c tr ~s of V I I  the loss of btn~c ne from the

P4—15 ion is sup~~’rtei ~-y ti e o~ rvati on of a me tastahle peak at

rn/c • 136 — 138 . 5 [caic. rn/c — (193)2/271 — 137.5) as well as by the

exact ross of the n/c 193 ion dcter ~ ined by peak ratchi nq

[calc. for C9H130S12 193.050; found l93. O~~). The rn/c 193 ion carries

greater then l3t of the total ion current. In the mass spectra of IX

the loss benzene f r  tP’ e 11-15 ion is su;~;o rted  by the observation of a

metastable peak at n/c 195 - 197 [calc. ri/c • (255 )2/333 195.3]

as well as by the exact mass of the rn/c • 255 ion determ ined by peak

matching [caic. for C14U150Si2 255.066, found 255.068]. The rn/c • 255

Ion carries greater than 16% of the total ion current. This process

Is outlined In Scheme IV.

. - -  
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It should be noted that a series of doubl y charged Ions are of

Importance In the mass spectra of diaryltetr amethyldisiloxanes IV , V , VI ,

VII and V III. The doubly charged Ion of highest mass in the spectra of

IV Is found at rn/c — 143 which corresponds to a doubly charged parent

Ion. An isotope peak of appropriate intensity at m/e 143.5 confirms

this assignment. toss of a met hyl radical from this doubly charged Ion

leads to the rn/c = 135 .5 dou bl y charged sil i co n tum Ion . Thi s ion may

also be formed by loss of an electron from the M-l& sill con ium Ion .

The doubly charged n/ i • 135 .5 ion further f r a g ~~cn t s  by loss of methyl

radica l probabl y from the unchar- ed s i lyl center to yield a bis— siliconium

Ion of m/e • 128. An i so to ; :e  peak of’ a~rro7riate IntensIty at rn/c . 128 .5

supports this ~sstçrr -~nt . This hi~.- silic cn iu - ion further fragments by

loss of ben:en~ to y ield ~~ ~- is - sili ~iu ’ Ion of rife 89. A possible

mectianis ~i for f — ~r~~~t i c n ~f the n/c C9 doubl y charçcd Ion invo lves

InIti al 1nt ra~-~~t-: ~ ar eli~c~ rop r: i 1 ic attac h by thc remote sili con lum Ion

center cn t~ d lstsn t p henyl ring to yie ld a bcnz cnonlum Ion which

re-aroratlz’ by lost of a hy.~ro~jen from the bcnzcnonium ion and a phenyl

group frcr~ a sil yl center as ben:cne. The stability of the doubly charged Icns

of rn/c - l2~ anl  rife 89 is reflected in the fact that they carry

res pectIvel y 3% and 5% of t h e  total Ion current. These processes are

outline d in Schr~’-e V.

Similar fr~g—1 e rta t io n patterns supported by appropriate metastable

peaks were observed from dla ryltetra m ethyldis lloxanes (IV , V , VI , VII and

VIII) and for 1 ,l ,1-tr 1rne thy1-3 ,3~3-tr1pheny ldisIloxane (IX) (See Table

II for supporting data).

We have examined the ro ss spectra of four 1,5—dlaryl -l ,l,3,3,5 ,5-

• hexamethyl trlslloxanes: l ,l ,3,3,S,5—hexamethy1 —l ,S-dI phenyltrisilo xi~ne (X),

5—- - —.—-———-—_—---——--—- —.
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l .l ,3.3,5,5-hexameth yl-l ,5-diphenyl- (? ,4,6—2 ’,4’,6’)_d6-trisiloxane

(XI). l~1 ,3,3,5,S-hexamethyl -l ,5-dIp henyl-d 10-trIsiloxane (XII), and

l ,l ,3,3,S,5_hexameth y1_ l ,5_ di _ ~_tolyltr is i1oxane (XIII). The parent

Ion is quite weak. Loss of a methyl radical from the parent ion l eads

to the P4-15 sllicon lum ion at rn/c = 345, whose stabili ty is reflected

In the fact tha it carrie s 43% of the total b ,  current. By comparIson

loss of a pheny l from the parent is a very unimportant process. The

P4-15 Ion un dergoes furt~’er fr ‘entath” and rearrangem ent to yield at

least three other Ir’pc’ r t a rt  s i l icon lu’  ions .

A major pro~es~ in.nl’ ~i~ loss of Nr:c ne fron the 11— 15 ion to

yield a s1 l icc n i u~n Ion of r/e = 267 which carries 8Z of tiie total Ion

current. The obser vatlcn of a ~netastab le peak at rn/c 205 — 208

(calc. rn/c • (261) 2/ 345 — 206.6) sup ror t ’- this process. A poss ib le

mech anism for forr-otlon of this Ion in.~ 1v~s an Introriolecular el ectro-

phllic attack by a tenhi ?-a l siliconi un ion center on a remote phenyl group

of the 11-15 Ior~ to yield a henzenonlui ion which re-aromatizes by loss

of a hydrogen fron the ben .’cr.-~nium nucl eu s and a phenyl group from

silico n . This process Is also observed in the mass spectra of XI , XII ,

and XI II. In the case of XII , the P4-15 ion loses benzene-d6 while In

the case of the P4-15 ion X III loscs toluene. The mass spectrum of

XI lsn’ore cornpllcated. The 11-15 ion loses both bcnzene-d3 and benzene-d4.
Apparently, scrambling of hydrogen and deuterlum occurs In the benzenonium

nucleus prior to loss of benzene.

The P4-15 ion also rearranges and undergoes loss of tetramethyl-

cyclodlsllo xanc to yield the dlphenylmethylsiliconlurn Ion at rn/c • 197 ,

wt~ich carries 6~ of the total ion current. A metastable peak at rn/c 

~~~~~~~~~~ -— ~~~~ -.. — 
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112 - 113 (calc. rn/e (197)2/345 112.5] supports this process .

The ‘loss of tetramcthylcyclodisilox~*ne1s of Interest since It Is unknown ,

although it Is a reasonabl e intermediate in the cyclo-ol i gornerizatlon of

dimethylsilanone to yield hexameth ylcyclotrisiloxane in the gas phase.16’21

In addition , it has previously been proposed to account for the mass

spectra of methy l slloxanes .22 The 11-15 ion also fragments with loss

of trimcthy lpheny lcyclodlsilc ’xan e to yield the d lr .t h ylp henyl sillcon lum

Ion at rn/c = 135 which carr its 12% of the total ion current.

A metastabl e peak at rn/c 52.5 — 53 .0 [calc. rn/c (135)2/345 52.8]

support. this process . A ltc rr . tivel y , the rn/c 135 sll iconium Ion

may be formed by fragment ati c ’~ of a turrir.~ l 51-0 bond of the parent

ion . While this ~u ci h I11 ty can not be el ini nated , It is not supported

by the observation of app ropria te nctast eble peaks. These processes are

outl ined In Scheme ,‘[.

The P4-15 ion .~lso loses a methy l radical to yield a doubly charged

siliconiu rn ion of rn/c • 165 , which car r ies  7~ of the Ion current . An

Isotope peak at rn/C 165.5 of aprroprf ate IntensIty supports this

assi g rt. This doubly charged Ion undergoes loss of benzene to yield

a doubly charged sil Icon Iu~ in s of rn/c 126 , which carries 2% of the

Ion current. This process Is supported by the observation of an appropriate

metastable peak at rn/c • 96 - 97 [calc. rn/c - (126)2/165 • 96.2). A

possIbl e mechanism for the formation of this Ion involves an intramolecular

electroph ilic attack by a silbconlum on a remote phenyl group to yield

a ben zcnonlurn bon which re-aromatbzes by loss of hydrogen from the

benzenonbum nucleus and a phenyl group from a silyl center. These

processes are outlined In Scheme VII.

~~~~~~~ ~~~ i_
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~ pcrii~iental
IR spectra were deterennt~d as 10% solutions in CC14 on a Perkin-

Elmer 281 spectrL~:’etcr. They were calibr ated versus known bands of a

polystyrene film , UV spectra were run in spectro -quality cyclohexane

on a Beckma n Acta M spectrom~ter. NM~ samples were run as 0.1 n~1ar

solution in acetone-d6 w i t h  dj cti ]o romctLtne as an internal standard on

a Varian X 1-l0O-lS operati ng jr the CW r de. All san:~les were purified

by gas 1 iq sid 1 b!s chru;~ tt t~;rd; hy (G[.PC) on either a 36’ x 0.25 ” 20%

DCQF-l on Chr c ’~~s:~i-b W ~-~
)/ FJ ~;~‘sh or c’ a 36” x 0.25” 20~ S[-30 on Chromosorb

W 60/80 mesh col~. ‘ on a t,:~ett -P~ck~.rd 1&M 700 c i l c s a t c ~rdphy . Low

resoh tion rnass s ; -~~ t r~ were detemined at 70 eV by usin g an AU MS-9

spectrometer at the ~‘et Prc~~ 1s icn Lahurdtory , Pa~ad cn a , California.

High rcsn1 utior ~ r:.~ss spec tra i~ re run oi a DuPont 21-492 at 70 eV

Ioniz ing vol ta~~ at the Ca1 i forn~a Ins ti tu te of lechnology Ana lytical

Laboratory , Pasa l ena , Ca1i forni~ .

Virtually all of the si1~~.~~~s stu iie d arc kno~n eonpounds. They

were prepar i d fofluning liter atur~ net~ i s .  Their physical and spectra l

propert ies are in full a~ ree~cnt with literature values . In those cases

where co~, le te s;~ ctral infor ma tion has not been previously reported ,

we have included t h is data .

Phenylp crt~r ’th yldiS ilOx afl C.23’24 NMR 6 7.17 ppm (m, SH), 0.07 Cs ,

6H), -3.016 Cs , 911). UV ~~~ 272.3 nm (c 152),

267.9 (212), 2 ( 5 .2  (207), 261.4 (233), 255.5 (162), 249.0 (92), 221.2

(6373), 212.0 (9392). IR Si-CH 3 1252, Si-Ph 1155 , and S1-0-Si 1050 cm~~.

Pheny l-d 5-pentameth yldis lloxane was prepared by photocheinical

oxidation of phcny l-d 5-pentaeth yldis ila ne with DM50 .24 IR
C-D 2275, Si-CH3 1256 , and Si-O-S1 1050 cm~~. Mass spectral data: see

Table I.

~~~~~- - --- -- --- —~~~~~ --- . - - -~~
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Phenyl-d5-pentamethyldisilane was prepared as follows : to 0.43 g

(18.0 ninol) of Mg turnings in a flame-dried 100 ml three necked flask

equipped wi th a magnetic stirring bar , a reflux condenser, a gas inlet ,

and a pressure equalizing addi tion funnel was added 3.0 g (18.0 mol)
25of bromobenzene-d5 in 50 ml of 11W dropwise over 15 minutes . The

mixture was stirred for three hours at r.t. Pentarnethylchlorodisi lane26

3.0 g (18.0 mol) was added dropwise over 20 minutes. The reaction was

stirred at ref lux for 18 h then a l lowed to cool to room temperature .

The magnesium salts were rer;oved by filtration through Celite and the

filtrate was wished with a saturated solution of NII4C1. The organic

layer was concentr ated by sir~p le dist illa tion. A sample of phenyl-d5-

penti ‘~th y 1d isilane was purified by GLPC on SE-30. Phenyl-d 5-penta-

methyld isilane : IR C-D 2260, C-I) 2240, Si-Ph 1610 , 1400, Si-(CH 3)3 1250.

Mass spectral: ni/e = 213 11, 7.6%, 198, 11-15, 8.2’~. 140, +-d5-~i(CH3)2.

~—Toly lpenta~-’ethy1d is 11oxa ne: 24 UV 271.7 (198), 266.0 (251),

259.8 (209), 253.3 (162), 227.4 (8536), 2234 (10 ,563), 218.6 (9496).
24 ,27-29

~~~-Te tra- ’~thy1di phe ny ldisiloxane . IV

~~~-Tetramcthy 1di pheny1-d 6 -d is i loxane (v) was prepared by reaction of

2,4,6-tri dcuteriopheny lm gn eslum ch 1oric~c wi th l,3-dichlorotetramethy l-

disi1oxane~~’
31 as follows: to 0.29 g (12.1 ninol) of Mg turnings in a

flame dried 50 ml three-necked flask equipped with a magnetic stirring

bar , a reflux condenser , a gas inlet , and an addition funnel , 1.44 g

(12.54 iiinol) of chloro-2 ,4,6-trideuterobenzene32(73% d3, 23% d2, 46%

In 25 ml of TIff was added over 15 mInutes. The reaction mixture was stirred

while refl ux i ng for 12 h until all the magnesium was dissolved. The

solution was allowed to cool to room temperature before 0.80 g (6.0 ninol)

of 1,3-dIchloro-1 ,l ,3,3-tetramethy ld1si1oxan e~~ was added dropwise over

20 minutes. The reaction was refluxed for another 18 h. The solid

- — 
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— ~~~- ---

— 

—

- -12-
-1’-

material was filtered from the cooled solution and the filtrate was

extracted with Et20/H20 . The organic extract was concentrated by

simple distillation. A sample of V was purified by GLPC . It had the

following spectral properties. IR C-D 2250, Si-CH3 1258, SI-Ph 1135 ,

Si-0-Si 1054 ca~~ . M~Ss spectra l data see Table II.

~~~-Tetramethy ldipheny l- d 10-disi 1oxane . V1 34 Mass spectral data , Table Ii .

~~ -Tetramethy l-di -p -toly 1disi1oxa ne: Vu 30’31 ’35 LJV 287.5 (59),

270.9 (448), 265.1 (568), 258.5 (517), 254.0 (433), 228.5 (19,049),

223.0 (23,~’2’), 219.8 (23,739), 1k Si-CH 3 1 252 , Si-Ar 1110 , and Si-0-Si

1O~
; 
~~~ NMR 6 7.22 (m, 4H), 2.33 (s, 6H), 0.37 (s, 121i).

l,l,l,3-Tetrarneth y l - 3 ,3-dipheny ld is i loxa ne: 23 ’24 III UV 270.5 (404),

266.0 (510), 264.0 (53G), 259 .6 (555), 253.4 (411), 247.8 (278 ) ,  223 (15,818),

215 (17 ,4fl3). IR Si-CH 3 l?~5, Si-Ph 111 5 , and Si-0-Si 1060 cni’l .

1 ,1 ,l—T ri r~’thy 1-3 ,3,3-tripheny Idis i1oxane 1X 23 ’36 ’37

1 ,1 ,3,3,5,5-He :~ thy l-l ,5-di pheny ltrisiloxa ne~
3’34

X UV 271.8

(475), 267.0 (653), 265.3 (655), 261.0 (741), 255.0 (584), 249.4

(431), 211 .0 (26,601).

l ,1 ,3,3,5,5-Hexamethyl—l ,S-dipheny l- (2,4,6-2’,4’,6’)-trisiloxane:

71 was prepared by addition of 2,4,6-trideuteriopheny lmagnesium chloride

to l ,5-dichloro-1 ,1 ,3,3,5,5-hexame thyldi siloxane 30 as above. It had

the following spectral properties. IR C-D 2245, Si-CH 3 1260, Si-Ph

1135 , 51-0 1080 and 1045 cm ’1 . Mass spectra l da ta , see Table III.

1 ,l ,3,3,5,5-Hexamc thyl-l ,5-diphenyl-d 10-trislloxane : XII was

prepared by reaction of phenyl-d 5-magnesium bromide with l ,5-dichloro -

l ,l ,3,3,5,5-hcxame thyltrisiloxane~~ as above. It had the following

spectra l properties IR C-D 2270, and 2240, S1-CH3 1258, Si-0 1080 and 1045

cm
~~

. Mass spectral data , see Table II I.
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l ,1,3,3,5,5-Hexamethy 1-l ,5-d i-~-to1y 1 trjsi1oxane: X III was prepared

by reaction of ~-toIylmagnesium bromide with l ,5-dichloro-l ,l ,3,3,5,5-

hexarnethyltri s1oxane~~’
31 as above. It had the following spectra l

properties. UV 269.1 (427), 262.8 (538), 256.8 (485), 251.7 (414), 227

(24,040), 223.5 (28,186), 218 (.~o ,867), ?14 (25 ,085).  IR Si-CH 3 1258,

SI-Ph 1110 and Si-0 1040 c.ni 1 . NMR ~ 6.94 (m , 811), 2.33 (s, 611), 0.11

(s , 1211), 0.05 (s, 611). For r:Jss spectral data , see Table Ill .
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TA8LE I

MSS SPECTRA OF ARYL P TA~’(1~iv LDI5I L OxAN (S

/• Ph PPl d b
____ ~~_ ! J~~._ !~~ S

b 
~~t~~~

c

59 4 .0 i.* 3.~ 163 
1.9

‘U73 9 .3 12.8 9.6

~~~~~ 
i i. i  3 .8

69 3.0 194 2.3
69.3 1.0 2. 0
90 0. 7
91 6.3 3.6
11.5 2. 1 198
92 0.8 199

96 1.6 70,
96 .3 0.3 7. 0
97 14.~ 0 .5 ino .o 1.4
97 .3 2 .3  210 22. 3

1. 0 211 10.0
99.3 3~ . 3

100 6. 7 213100.5 1 “ 214 46 .2215
104 5.2 216 .9
104 .5 1.0 0.9
103 3 . 3  3 .2 723 1
105.3 0.1 224 0.33
107 4 .3 223 0.08
107 .5 0 

~ 226 0.03
108 0. 7 

0 7
3.6

111.5 1 .9 731 0 .1
117 3• 5 0. 4 -

0.1 23~ 
3.2

239 0.6
133 1 3 3  240 0.
136 1 .8 I

137 1 .0

140 22.6
141 3. 1 ~et s t a b 1es - 

~~~~~~~~ ( 7 3 ) ’ I2 ~9 2 5 .7 ;  81 .5 .82.5
142 1. 3 7(89 ) / 97 82 .7 . e6 5.88 (1 35) / 209 • 87 - 2;

147 2.0
IS2.5 .1!4 .S ( 179) 2/ 209 • 153.3; 277 -17 9 (193) 1

149 12 .2
130 1 .6 209 • 178.2.
131 0.5 bp,.ta~tab1 ,s 24 . 7. 25.2 ( 7 2 ) 2/214 24 .9 . 62.5 .84
171 ( 92) ~/99 5 • 83.2 . 90.3.92.5 (140 )~/214 e 91.6;

1$ ..159 (I84 )~/214 133.2 ; 280-183 ( 197 ) 2,714

181 .4.

~~~tastab 1•t : 23.5-74 .3 (73) 2,223 ‘ 23.9;

88.3-88.9 (96 )~~ / 1O4 • 38.6; 99-100 (~49) 7/773

fl .6; 166.168 ~193)~/273 167.0 ; 192.194

(207)2,223 • 192.2; MgPi r,solutlon

sp.ctr. ci c. f~r C~~H~~0SI 2 • 207.066 ;

fO,451d 207.067.

- 

-

~~~~~

__ _ _
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TA6L.( II

MASS SPECTRA OF IV . V . Vt . VU . V Z U , AND IX

u/i IV V VI V I I  V I I I  IX

73 4 .9 3.8 11.6 6.8 11.8
77 11.9 6.8 4 .5

• 78 23.8 7.3
79 3.4 5.5
81 4 .3 3.6
82 15.1
93 1. 1 7.1
83.5 0.9
84 0.9 8.)
84. 5 0.9
85 2.5

87 5 .6

89 23 .4 15 .589.5 4 .9 2.7
90 2.0 19.0 1.6 3.690.5 11. 1
91 9.8 3.5 5.2 3.0 10.5
91 .5 1. 7
92 3.2 1.7
93 3 .8 5.594 6.2
IS 3.0 26.2
96 27.9 3.6
96.5 0.6
97 3.0 7.0 1.0

105 9.8 13.9 21.8 12.6
107 6.0 6.4 3.1108 4.3 3.1
109 9.3
110 34 .8
112 8.3
112 22.2
2 13 3.0

115 3.0

117 3.6 4 . 2
118 3.0 4 .621 9 5.5 4.7 9.1 7.1220 3.2 7.3 3.5120 .5 0.6 1.22 21 4 .3 5.4 3.7122 2.5 3.3
123 2.0 12.2
124 11.6
123 6.2
Ii. 11.6
127 6.2
121 13.4 7.7
121.5 3.4 1.7
129 2.9 . 

2.8

131 7.4 11.7
132 .3 5.7
*32 .— 1.1
133 3.7 3.3
133.5 0.5
1)4 3.0 1.5
134.5 0.5
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T b 1e I I  con~ t .

u/i IV V VI V I I  V I I I  . IX

135 34 .0 23.7 21.8 11 .6
23 5 .5 2.0 2 .9
136 6.2 3.0 3.2 1. 4
137 4 .7 3.5 4 .7  1.3
138 11.3 4 .1
138.5 4.6
139 3.8 5.6
139.5 2.6
1*0 68. 6
141 4. 1
142 5.2 4 . 7
142.5 2 . 4
243 2 .3  1.3
143.5 0.6

146 1.1
146.5 0.5
141 0.7 5.0

*49 55 .3
2 49. 5  1.6
1’ 8.9
15* 4 .2 1.4
15L 5 0.3
1S~ 3.9

151 3.5
155 3.5

159 1.5
1~~ .S 0. 4

- 160 5.2 0.7
3.5

163 6.6 4.8
264 3.6
165 6.8
166 4.8 1.5
166. 5 0.5
*67 23.4
1~ 8 1.1
169 7.0

172 4. 3
173 8.1
274 7.0

179 3.8 4.3 4 . 7 24.1
180 5.4 9.0
13) 3.6 1.5 15.8
282 4. 7 3.5 3.9
18) 8.1 3.9
184 11.0
*85 13.6 3.3

190 7.0

193 44 .9 3.0 6.1 59.1 46.2
194 11.1 4 .8 1.3 12.3 19.3
193 9.2  12.2 2.8 12.7 30.6
196 29.0 3.6 . 3.0 S.)
197 6.5 4.8 87.2 31.5 39.1 15.8
199 22 .1 9.1 3.5
199 .

~~ 9.3 * 4  2.5
200 5.Z

t

202 2.7
103 1.9 1~ .2

4.,

4 — 
__________ 

_______ —
~~~

__________

_ _ _ _ _  -~~~~~ - . -—
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Tibl e I I  co&t .

s/i IV V — V I V I I  - V I I I  IX

206 4.3
207 3.4 12.8 73.1
208 2.7 14 .7
209 9.2 9.1
210 1.9
2 11 1.5
2 *2 3.5 3.1

214 12.8

223 3.7
224 3.9
223 11.1
226 6.5
227 1.7

234 4 .3

240 7.1
249 5.5

251 9.8 4.0

255 6.2 4 .9 69. 4
256 1.9 17.4
257 1.0 10.0

13.9
260 2 .5 . 3.5
251 4 .7 3.0
262 2.1
263 1.0

- 264 1.0
265 4 . 1
266 1.4

771 103.C 100.0 38.1
272 24 .6 26.8 10.0
273 1 2 . 7  11.8 3.9

275 12.7
276 5 4 . 0

277 100.0
278 26.6
279 1 1 . 7
280 11.6
281 100.0 4 .2

• 282 36.0

253 14.0 7.9
2*4 2.4 2.0
285 1.5
216 3.2 1.4
287 1 . 1  0.6
288 0. 4 0.3

290 2.8
291 4.3
292
293 1.6
294 1.3

296 18.6
291 3.1
798 1.9
299 100.0
300 30.3
302 11.1

- 
_ _J~
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Table II con~t.

We IV V VI V II V III IX

3)4 . 8.1
315 3 5
316 1.2
3)7 3.5
318 1 .0
329 0.5

100.0
334 33.9
335 11 .1

348 9.4
3.1

330 1.3

Melasta b les Il: 6~.S.62.2 (89 )~ / 2 2 3  tYL 9; 111 .3 .112.2 ( 79) 2/286 12 .O~
2 12 .3 . 112 . 7 ( 1 2 ) ~~~:’8 • 112 .~ . 120 .5. ~2 ! .2  (~ 73~ ’,’ 2 3 5 . 5  • 120.9 ; 136.139

(193) 2 / 271 • 137 .5 . 1- ‘. 2 4 3 4 ( i ;7)~ :71 • 143 .2 . 239- 242 (25 5) 2/ 2 71 • 239 .9.

Metas ta ~ 1e s V 61 .5 .63 .0 7~~. 13 1 . 6 1 .~~~, 68.~~~~.0 ( 1 38) 2/ 2 77 •

114—US ~2 2  1.” -~~~ • 114 .6. 1 7 ; - 3 ~5 ~~~~~~~~ • 1 37 . 3 . 148.5 .~~ ~~ 3) ? ,777

148.8; 164- 1 65  f t ,~
2.- :3 ~ • ~64 2 . : 47 . 747  (26 ~~~~ 77 - 244 .0 and (2 ~ 1)~ /2 77

74 5 .9 .

— 

~~t.sUb1es •: .  6 2 f l  ( 9 ) ~ , 133 6 7 . 7 . 77 2 . 17 .3 ~~) 2/9~ 7 7.5 ;  p7 .139

(197) 2/ 2 2  • 138.1 . 25 2 .5- 153 .5 (207) ’
, 2 9 2  ~~S 2.5 ;  245 -25 2 (264) 2/781 . 248.0.

Met ast ab l ,s i iI: . 5-61 .8 (96)~/ 2 4 9 . 5  • 61 .7 . 82-93 (89 ) 2/Q6 ~~ 5 126- 127

(13.4 ) 2/ 142 • 126 .5 ; 14 1 .146 ~~7) 2/799 . 143 .3 ;  16P . 17 Q (2 5) 2/299 • 169 .3;

176.181 (191) ”,’271 . 176.2  and (193) 2/20 7 • 180.0 . 265 -270 ( 233)~ /29 9

267.9.

Mets t a b ~ es ViI! a ’~ P~a~ M.it~ ’~~r; ~1 .5 -62. 0 (89 )~/228 61.9; 11 2-114 (120) 2/ 128
112.3; 119-121 (118) 2/ 125 .5 • 1. ’~~~. 7 . 127 .5-129 (135.S)~/143 • 128. 4 . 136-138 .5

(193) 2/271 • 137 .5. 22 6-2 42 (2Ss)~/:71 • 239 .9 ;  ~~ç r  resoLt~~n spectre
calc. f~r C924 130S1 2 193 .753 . ~~~~ 193.052.

Met asta b 1,~ IX ,‘. -j  P~~k Mi:c ~~t r 9 -  51 .5 .54 .8 (1 3S )~/ 333 • 34 .7; 90-91 ( 1 20)~/ 1S9

90.6; 137— 238 ( l9 3)~/271 • 137 .5; 150.133 (159) 2/ 1 66 .5  . 151 .8; 195-1 97 ( 25S)~/233

193.3; 300.30? (3 17) 2,333 • 301.6; ?~1gh ti~o1ution *155 Spectra c.lc. fOr C 14K150S12
2$5.066~ fowid 235.068.
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TABLE II!
. MASS SPECTRA OF 1.1 ,3,3,5,5-UEXN4ETHYL-1 ,5-DIARYLTRISIL OXANES

ni/e Ph8 Ph_d 3
b Ph_d 5

C 
2.
_ t0i~i d 

— 

nile pha 
- 

Ph_d 3
b Ph_ d 5

C p-tolyl

73 9.6 9.1 14.6 12.1 149 54.2
150 9.2

75 3.0 151 10.8

77 4.0
78 4.1 157 3.0

91 3.1 5.6 14.2 159 0.6
92 4.0 159.5 1.6

160 1.4
96 3.4 4.0 161.5 0.4 2.4

162 2.4
103 4.3

165 17.9
105 3.0 14.2 165.5 5.1

166.0 3.1
107 3.0
108 1.9 167 2.2

167.5 8.2
110 3.9 168 18.6

168.5 6.8
112 3.4 169 2.7

169.5 4.1
118 5.4 170 46.3
11 9 3.1 7.5 170.5 13.4

171 6.8 2.1
121 3.0 6.7 17L5 0.7

172 0.5
126 7.2 0.8 3.5
126.5 2.1 1.1 179 17.1
127 1.1 5.0 179.5 6.7
127.5 5.0 180 3.5
128 1.8 12.2
128.5 4.1 193 8.5 3.8
129.0 2.1

• 195 8.9 3.2
131 3.8 3.0 196 5.1 3.1 7.3

197 16.2 1.8 13.4
133 3.5 0.7 3.9 16.7 198 3.4 1.9 3.7
133.5 . 3.8 199 1.3 1.7
134 2.4
135 34.0 8.3 202 9.5
136 4.3 203 13.9
137 3.4 9.1 204 3.2

-: 138 364
139 5.5 4.3 206 4.1
140 4.3 3.4 80.5 207 43.9 20.8
141 

. 

10.0 208 8.0 5.8
142 • 3.9 209 2.0 6.3

145 5.4 223 .

147 4.6 

~~~~~~~~~ -—-~~ ~~~~~~~~~~~~~~. . --—--
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~ rn/c~ Pha Ph~d3
b ph~~~~

C p- toiy;~ m/e Pha Ph~d3
b Ph~d5

C 
~-to1y~

225 43.8 345 100.0
226 11.3 346 33.2
227 1.7 347 13.6

348 4.7
251 3.4 349 11.4
253 2.4 350 47.4
254 2.5 351 100.0
255 7.1 352 36.4
256 2.7 353 14.5
257 1.2 354 3 ,2 19.5

355 100.0
265 5 ,4 356 75.6
266 1.5 357 35.4 5.0
267 20.0 1.8 358 7.3 1.8
268 6.8 359 1.0
269 1.7 5.9 360 5.1
270 5.5 361 1. 3
271 2.1 13.2 362 0.9
272 4.6
273 2.0 365 0.2

366 0.2
281 29.2 367 0.1
282 10.0 368 0.1
283 6.3 369 0.1

370 2.0
297 6.7 371 0.8

372 0.7
373 100.0
374 37.5

- 375 17.5
376 4.6

388 3.8
369 1.3
390 0.9

a
~~~ S~~b 1CS 52.5-53.0 (135)2/345 52.8; 96-97 (1?6 )21165 96.2; 112- 11 3

(197) 2/345 112.5 , 134-136 (193)2/~~7 135.2; 149-150 (157)2/165 = 149 .4;

205-208 (.)(7)?/~~5 = 206.6, 310-315 (329)2/345 = 3 13 . 7 .

bM t t b l  54~55 (J3~)~/351 = 54.2; 96-98 (127)2/168 96.0; 116-118 .5

(203)2/351 1)7.4, 150-153 (159.5)2/16L 151.4; 205-207 (269)2/351 206.2;

236-239 (253)2,269 237.9.

~~~~~~~~~~ 54.5-56 (J4Q)2/355 55.2; 96-98 (128)2/170 96.4; 120-122

(207)2/355 120.7; 205-208 (271)2/355 206.9; 238-242 (255)2/27) 239.9;

319-324 (338)2,353 321.8.

d
~~t t b 1  98-100 (133)2/179 98.8; 134-~37 (255)

2/373 135.7; 162-165

(171)2/ )79

~~ 

163 4 , 21 1-213 (281)2/373 • 211 7, 340-342 (357) 2

/ 3 7 3 k 341 7

__________ —~~~~~~- . -.


